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INTRODUCTION. 

FIELD WORK AND ACKNOWLEDGMENTS. 

The purpose of this report is to set forth the results of cer- 
tain geological and palaeontological investigations of the Terti- 
ary formations of Western Washington, carried on by the writer 
from 1907 to 1914. An attempt has been niade to subdivide the 
Tertiary deposits upon a stratigraphical and palaeontological 
basis and in a preliminary manner to determine their areal dis- 
tribution. A study has been made, of the strata entering into 
each formation, the conditions under which they were deposited, 
the character of the fauna contained therein, and the structual 
conditions under which they appear. Geological maps accom- 
pany this report, upon which the larger part of the data has 
been assembled. 

The area embraced in this report extends from the western 
foothills of the Cascade Mountains westerly to the Pacific Ocean 
and from Columbia River northward to the Strait of Juan de 
Fuca. The central portion of the Olympic Peninsula is excluded 
since only a hasty reconnoissance of this region has been made. 
Large portions of Western Washington have been examined in 
only a preliminary manner but other portions have been studied 
in minute detail. Survey traverses have been carried from 
Grays Harbor northward along the ocean shoreline to Cape 
Flattery and from that point easterly along the Strait to 
Dungeness River. Similar traverses have been made along all 
the more important streams where there were sufficient rock ex- 
posures to warrant such. Observations on the strike and dip of 
the sedimentary rocks were taken wherever possible and these 
were difinitely tied into stations on the lines of traverse. De- 
tailed measurements were made in feet of each stratum exposed 
for the purpose of constructing stratigraphic sectioh-s: •-: : • 

Wherever possible collections of fossils were made -►and t?beii: 
exact localities tied into traverse survey lines. An effort Was 
made to record the position of each individual stratum from 




Outline Map of Western Washingt' 
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which fossils were taken and refer each to some point on the line 
of traverse. 

One large areal geological map of the western part of the 
state has been constructed on the scale of one inch to seven and 
one-half miles. Upon this the geographical distribution of the 
several formations involved have been represented by colors. In 
those places where the contact between formations can be defi- 
nitely determined, the positions of the contact lines, as drawn on 
the map, are correct. In the intervening areas where the con- 
tact relations are obscure or entirely concealed, the contact 
lines have been drawn from the best evidence obtainable. In 
those regions where the pre-Pleistocene formations are con- 
cealed beneath a great thickness of glacial deposits, the surface 
geology has been designated as Pleistocene. However, where 
occasional outcrops of older formations project through the 
drift so as to indicate the probable age of the underlying forma- 
tion, the pre-Pleistocene formations have been given the prefer- 
ence in mapping. 

The area involved in southwestern Washington, from the 
south flanks of the Olympic Mountains to the Columbia, was 
mapped on a scale of one-half inch to the mile. A belt bordering 
the Olympic Peninsula from Grays Harbor northward around 
Cape Flattery and easterly to Port Angeles has been mapped 
on a similar scale. Another map has been constructed on the 
scale of one inch to the mile, extending west to east from Kitsap 
County across Seattle to the foothills of the Cascades. Upon 
this have been located all observations taken upon strike and 
dip, as well as contact lines between formations. The probable 
positions of all anticlines and synclines, where they can be de- 
termined, have been inserted. Where the contacts are definite 
they are represented by continuous lines ; where only proximate, 
by broken lines. 

Altogether about twenty months were spent in the field in 
areal mapping. The remaining time at odd intervals has been 
devoted to office work in preparing the maps and report. The 
writer has been assisted in the field work by Messrs. Charles R. 
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This formation was thought to bear a close relation to the 
Laramie. A collection of marine invertebrate fossils was made 
and reported as occurring in bluffs along the shores of Du- 
wamish Valley.- A list of these was given and they were referred 
to the Tejon horizon of the Eocene. 

In 1892, in the Correlation Papers on the Eocene and Neo- 
cene of the United States, by Wm. B. Clark, W. H. Dall and 
G. D. Harris, reference was made to the Tertiary horizons of 
western Washington. The coal bearing horizon of the Puget 
Group was placed in the Eocene. It was suggested however 
that it might be in part of Cretaceous age. Miocene deposits 
were recognized as the equivalent of those at Astoria. 

In 1906, reports in considerable detail were published by 
Bailey Willis on the Tertiary coal fields of King, Pierce and 
Whatcom counties. Detailed areal geologic mapping was be- 
gun and the structure of the formations in part worked out. 
Mr. Willis recognized the Puget Group as of Eocene age based 
on palaeobotanical determinations made by F. H. Knowlton. 
The Puget Group was described as having been deposited un- 
der estuarine conditions and to possess a thickness of over 12,- 
000 feet. Marine Miocene deposits were referred to as resting 
unconformably upon the Eocene. In 1897 a report was pub- 
lished by J. P. Kimball on the physiographic geology of Puget 
Sound Basin. The larger part of this paper was devoted to a 
description of the glacial deposits ; several localities were refer- 
red to where Eocene and IMioccne outcrops were examined. In 
1898 the volcanic rocks upon and around Mt. Rainier were de- 
scribed by George Otis Smith. 

The older Mesozoic and Palaeozoic rocks of the western 
slope of the northern Cascades were described in a preliminary 
manner by I. C. Russell. These formations are of interest be- 
cause they form the basement complex upon which the Tertiary 
strata rest. 

In 1901 and 1902 the State Geological Survey of Washing- 
ton was organized and field work was carried on for two years. 
The coal bearing horizons of the western part of the state were 



18 Bulletin No. IS, Washington Geological Survey 



described and their approximate areal extent represented upon 
a geological map. The distribution of all formations in the 
western part of the state as they were known at that time were 
shown upon this map. 

A geological reconnoissance around the coast of the Olympic 
peninsula was made by Ralph Arnold in 1904. The results were 
published in 1906, in which he recognized the existence of an 
old series of partly metamorphosed sediments constituting the 
interior of the Olympic Mountains and the presence of Eocene, 
Oligocene and Miocene formations around its border. The 
Oligocene-Miocene strata were not differentiated and were re- 
ferred to as the Clallam formation. On the Pacific coast of the 
Olympic peninsula certain fossiliferous deposits were noted on 
the Bogachiel and farther south at the mouth of the Queniult 
River. He regarded these as of upper Miocene or Pliocene age. 

In the same year a paper appeared by the same author on 
the Pectens of the Pacific Coast, in which several new species 
were described from Washington. Reference was made to sev- 
eral fossiliferous deposits in Cowlitz and Chehalis valleys, as 
well as along the Strait of Juan de Fuca and in Puget Sound 
Basin across from Seattle. Later in 1909 Dr. Arnold published 
a paper on the environment of the Tertiary faunas of the Pa- 
cific Coast of the United States, in which the several Tertiary 
horizons of Washington were correlated with those in Oregon 
and California. Eocene, Oligocene, Miocene and Pliocene forma- 
tions were recognized. In the same year Albert B. Reagan de- 
scribed the geologic formations in the vicinity of Bogachiel and 
Soleduck rivers and listed collections of fossils made there and 
along the Strait of Juan de Fuca. A considerable number of 
new species were placed on record. 

In 1911 a paper published by W. H. Dall on the Miocene of 
Astoria and Coos Bay described several new species of marine 
invertebrates from Washington and a list of the fossils asso- 
ciated with them. These records are of great assistance in com- 
paring the faunal zones of Washington with those of Oregon. 
During 1912 a paper appeared by Charles H. Clapp on the 
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geology of the southern end of Vancouver Island in which the 
geology of the Miocene deposits on the north shore of the 
Strait of Juan de Fuca were described. 

In 1912 a paper was issued by the writer on the Tertiary 
Palaeontology of Western Washington, in which a considerable 
number of new species were described and figured. The geolog- 
ical horizons of the Tertiary, as recognized at that time, were 
given as well as a list of the characteristic fauna. 

In 1912 a paper was issued by Arnold and Hannibal on the 
stratigraphy of the Tertiary formations of the Pacific North- 
west. The formations of Oregon and Washington were corre- 
lated with one another and a new classification of the Tertiarv 
horizons was set forth. 

BIBLIOGRAPHY. 

In the following list of references to the literature concern- 
ing the geology and pahieontology of western Washington only 
those papers have been quoted which have contributed some di- 
rect information concerning the Tertiary rocks. Numerous pa- 
pers are in existence which refer to the topographical features 
or economic products of this part of the state, but which add 
no facts to Tertiary geology problems. The following refer- 
ences are regarded as important in a historical review of previ- 
ous literature: 

1845- Wilkes, Charles. Narrative of the United States Exi)loring Ex- 
pedition. Vol. 4, pp. 313, 415, 424. 

The only notes referring to westeern Washington geology 
are the "trap dikes" encountered on Cowlitz River and the ba- 
saltic flows on the banks of the Columbia. 

1845. Greenhow, Robert. Geography of Oregon and Washington. 

This work deals chiefly with the historical development and 
colonization of Oregon and Washington. A description is given 
of the geography of the western part of Washington as known 
at that time. 
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1849. Dana, James D. Notes on the geology of Washington Territory. 
Wilkes Exploring Expedition, volume X, pp. 616-623, 626-628, 
658. 

In this report a description is given of some of the geological 
features of Washington which was then a part of Oregon Terri- 
tory. Basalt was observed as occurring in places along both 
sides of Columbia River. Tertiary sedimentaries are described 
at Astoria and across on the Washington side of the Columbia 
and are said to have a thickness of 1000 to 1200 feet. Similar 
strata are mentioned in Cowlitz River valley and along the 
shores of Puget Sound. Collections of fossils made by Dana 
have been described and iSgured by T. A. Conrad. Mr. Conrad's 
conclusions concerning the Miocene age of these faunas may 
well be quoted here : 

"From the investigation of the fossils previously received 
from Mr. Townsend, I had arrived at the conclusion that they 
were of the geological era of the Miocene, and the specimens 
you sent confirm the opinion. I do not recognize, it is true, any 
recent species of the coast of California or elsewhere, but neither 
is there any shell of the Eocene period, nor has the group any 
resemblance to that of the Eocene. On the contrary, the forms 
are decidedly approximate to those of the Miocene period which 
occur in Great Britain and the United States. Nucula dixmri- 
cata, for instance, closely resembles N. cohholdiae (Sowerby) 
of the English Miocene, and Lurcimt acutilineata can scarcely be 
distinguished from L. contracta (Say), a recent species of the 
Atlantic coast and fossil in the Miocene beds of Virginia. Natica 
heroSy a shell of similar range, is quite as nearly related to the 
N. saxea, A similar number of species might be obtained from 
some of the Miocene localities of Maryland or Virginia and yet 
no recent species be observed among them. In the Eocene, and 
also in the Miocene strata, there are peculiar forms which ob- 
tain in Europe and America, and although the species differ, yet 
they are so nearly allied that this character alone, independent 
of the percentage of extinct forms, is quite a safe guide to the 
relative ages of remote fossiliferous rocks. On this foundation, 
I speak with confidence when I assign the fossils of the Columbia 
River to the era of the Miocene." 
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Gibbs, George. A reconnaissance of the country lying upon Shoalwater 
Bay and Puget Sound; upon the geology of the central portion 
of Washington Territory. — Pacific Railroad Reports, volume 1, 
pp. 465-486. 

A general reconnaissance report on the geography of the 
region. Trachyte rocks are referred to as occurring about Mt. 
Rainier and St. Helens and gravels and sands in the Puget 
Sound region. 

1856. Blake, William P. Review of a portion of the geological map of 

the United States and British Provinces. — American Journal of 
Science, second series, volume 22, pp. 383-388. 

Reference is made to the fact that on Marcou's geological 
map of the United States the coal fields of Puget Sound are rep- 
resented as upper Carboniferous. Mr. Blake states that "all 
the evidence that can be produced concerning the age of these 
deposits shows them to be Tertiary." 

1857. Newberry, J. S. Coal of Bellingham Bay. — Pacific Railroad Re- 

ports, volume 6, part 2, pp. 53-68. 

A section measured in the Bellingham Bay region gave "2000 
feet of shales, sandstones and coal of which the coal presents the 
enormous aggregate of 110 feet." The strata of Bellingham 
Bay are believed to be of Miocene age and closely related to the 
.shales of the Columbia and Coos Bay. Mention is made of the 
occurrence of fossil plants. 

1857- Meek, F. B. On Cretaceous fossils from Vancouver and Sucia 
Islands. — Transactions, Albany Institute, volume 4, pp. 37-39. 

1858. Shumard, B. F. Description of new fossils from the Tertiary 

formations of Oregon and Washington territories and the 
cretaceous of Vancouver Island. Transactions of the St. Liouis 
Academy of Science, volume 1, pp. 120-125. 

1859. Lesquereux, Leo. Species of fossil plants from Bellingham Bay, 

etc. — ^American Journal of Science, second series, volume 27, 
pp. 360-363. 

This article describes several species of fossil plants collected 
by Dr. John Evans at Nanaimo and at Bellingham Bay. Those 
at the latter place are from the coal measures and are regarded 
as of Tertiary age. 
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1859. Heer, Oswald. Fossil plants of Vancouver and Bellingham Bay. 
— American Journal of Science, second series, volume 28, pp. 
85-89. 

Certain species of fossil leaves from the Tertiary strata at 
Bellingham Bay have a very close relationship to species of the 
same geological horizon in Europe. 

1861. Meek, F. B. Descriptions of new Cretaceous fossils from Van- 
couver and Sucia islands. — Proceedings Academy of Natural 
Science, Philadelphia, volume 13, pp. 314-318. 

1863. Newberry, J. S. Description of fossil plants from Orcas Island, 
Bellingham Bay, etc. — Boston Journal of Natural History, vol- 
ume 7, pp. 506-524. 

1867. Blake, William P. Notes on the brown coal formation of Wash- 
ington Territory and Oregon. — California Academy of Science, 
Proceedings, volume 3, p. 347. 

A brief description of the coal measures at Bellingham Bay. 
They are said to dip at an angle of 70° and strike East 15° 
North, and to have a thickness of about two thousand feet. He 
reports ten workable coal seams interstratified with six or seven 
heavy beds of sandstones and numerous strata of bituminous 
shale, slate, clay, ironstone, and thin beds of sandstone. Two 
well preserved shells of the genus Pectcn are said to have been 
collected. Reference is made to the occurrence of coal on the 
banks of the Cowlitz River. 

1870. Brown, Dr. Robert. Glacial scratches near Bellingham Bay, 

Washington. — American Journal of Science, volume 50, p. 323. 

Reference is made to the presence of fluting and grooving 
as evidences of glacial action at Sehome near Bellingham Ba^'. 

1871. King, Clarence. On the discovery of actual glaciers on the 

mountains of the Pacific slope. — American Journal of Science, 
volume 101, pp. 157-167. 

Describes the general cliaracter of the glaciers on Mt. Rai- 
nier and states that they arc tlie principal source of the following 
rivers, viz., Cowlitz, Nisqually? Puyallup and White. 

1876. Meek, F. B. Descriptions and illustrations of fossils from Van- 
couver and Sucia islands, and other northwestern localities. — 
Bulletin United States Geological Survey, Territories, volume 
2, pp. 351-374. 
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1870. Brown, Dr. Robert. On the geographical distribution and physi- 
cal characteristics of the coal fields of the North Pacific Coast. 
Transactions Edinburgh Geological Society, volume 1, part 3, 
pp. 305-325. 

1879. Donald, J. T. Elephant remains of southwestern part of Wash- 

ington Territory. — American Journal of Science, volume 118, 
p. 79. 

1880. Willis, Bailey. Report on the coal fields of Washington Terri- 

tory'. — Tenth Census of the United States, volume XV, pp. 759- 
771. 

The coal bearing strata are described as extending up the 
Cowlitz valley into Puget Sound and as far as the foothills of 
the Olympic Mountains around the north border to Cape Flat- 
tery. Those of the Puget Sound region are referred to as the 
"Laramie." 

"The coal measures of the Puget Sound basin consist of 
alternating beds of. yellow and gray fine-grained sandstones 
and very fine gray arenaceous shales interstratified with many 
beds of carbonaceous shale and coal ; the individual strata of 
sandstone and shale, from 20 to 200 feet thick, maintain the 
same general character wherever observed, and no well-defined 
horizon has been found which might serve as an index to corre- 
late the widely-separated exposures. Leaf impressions occur in 
both shales and sandstones associated w^th unios. 

"The best sections are those obtained in the Wilkeson and 
Green River fields, and described in detail in their proper con- 
nection, though even they are incomplete; of these one gives a 
minimum of 13,200 feet, with a probable maximum of 14,500 
feet ; a second, still less complete, measures 7,700 feet ; and the 
third, on Green River, lies between 6,200 and 8,200 feet; and 
these sections do not in either case reach the limits of the coal 
measures, as the base of each is an anticlinal axis and the top 
the highest exposure, geologically speaking, beneath the vol- 
canic flows or drift-beds. Such figures challenge confirmation, 
but they are the result of accurate surveys and careful observa- 
tion, and are only invalidated by the possibility of undiscovered 
faults, of which the sections have yielded no proof under close 
examination. 

"The fossils indicate the maintenance of fresh and brackish 
water conditions through this long period of deposition, imply- 
ing that the general rate of this profound subsidence was the 
same as that of accumulation of sediments. '* 
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1881. Brockett, L. P. Our Western Empire. — San Francisco, pp. 1189- 
1213. 

The following statement is made concerning the geology of 
Washington : 

"The shores of the Pacific, the lower valley of the Columbia, 
and the great valley drained by Puget Sound, are Tertiary and 
Quaternary ; the islands west of the Canal de Haro in the Gulf 
of Georgia are Cretaceous ; the vicinity of Bellinghani Bay is 
Carboniferous ; the Coast Range is Eozoic ; the Cascade Moun- 
tains to about 47° 40' and the Great Plains of the Columbia 
River in central and eastern Washington, south of the Spokane 
River, are volcanic." 

1888. White, C. A. On the Puget Group of Washington Territory.— 

American Journal of Science, third series, volume 36, pp. 443- 
450. 

This paper deals with a collection of fossil moUusca from the 
Puget Group of Washington made by Prof. J. S. Newberry. 
The species are of brackish water origin. Two species were 
thought to be closely related to the Laramie of the Rocky 
Mountain region. Several other genera were not known to oc- 
cur at any other place in North America. Mention is made of 
strata containing a Tejon fauna in the Duwamish valley. These 
strata were correlated with the upper portion of the Puget 
Group. The strata of the Puget Group were considered to have 
been deposited in estuaries. 

1889. White, C. A. On invertebrate fossils from the Pacific Coast. — 

United States Geological Survey, Bulletin No. 51. 

In this report reference is made to a collection of fossils 
said to come from "Fossil Bluff, Duwamish River." The region 
referred to is probably in the vicinity of Duwamish Station. 
The following is a list of the species collected : ^^Cylichna costata 
Gabb, Conus hornii Gabb, Lunatia nuciformis Gabb, Leda pro- 
texta Gabb, Euspira alveata Gabb, Fusus diaboli Gabb, Tnr- 
ritella uvasana Gabb, Tellina sp." The formation in this par- 
ticular region was regarded as the "Tejon portion of the Chico- 
Tejon Series." The scdimentarics in King and Pierce counties 
were regarded as of estuarine origin. The brackish water fos- 
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sils occurring in those strata were described. To a certain ex- 
tent they have a close similarity to the Laramie. There arc 
many forms, however, which have never been observed in the 
Laramie and which are peculiar to the Puget Group. The term 
**Puget Group" is here applied to this brackish water deposit. 

1891. Clark, Wm. B. Correlation Papers: Ek)cene. — United States 
Geological Survey, Bulletin No. 83, pp. 100-110. 

An historical review is given concerning the literature on 
the Puget Group in Washington. It is suggested that the 
Puget Group may be in part Cretaceous and in part Eocene. 

1891. White, C. A. Correlation Papers: The Cretaceous. — United 

States Geological Survey, Bulletin No. 82. 

The upper Cretaceous or Chico formation is the coal bearing 
formation on the north of Vancouver Island. Tlie same forma- 
tion is known to appear in the San Juan Islands in the State of 
Washington. 

1892. Dall, Wm. H. and Harris. G. D. Correlation Papers: Neocene. — 

United States Geological Survey, Bulletin 84, p. 228. 

At the time this report was written very little was known 
concerning the occurrence of marine Miocene deposits within 
the state. It is stated (p. 228) "Siliceous casts of molluscan 
fossils have been collected at various points on Shoalwater Bay, 
which show a synchronism of the deposits in which they are 
found with both the Eocene and the Miocene clay shales of 
Astoria. The Astoria bed outcrops at Bruceport and elsewhere. 
A Pliocene deposit has been observed by Dr. Condon in this 
vicinity which, from its most characteristic fossil may be called 
the Mytillus bed. It furnished specimens of Buccinium cyaneum, 
MytilltM condoniy Crepidulay Pecten, and Panopaea; this is 
overlain by a Pleistocene formation, the level of which is from 
30 to 40 feet above the sea." On page 271, marine Pliocene is 
referred to as occurring at Shoalwater Bay, 35 feet above sea 
level. The fossils exhibit a boreal facies. 
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1893. Corey, T. B. The coal fields of western Washington. — Journal 
Illinois Mining Institute, May, 1893, volume 11, No. 1, pp. 14-30. 

This paper describes briefly some of the coal seams in What- 
com, Skagit, King, Pierce and Chehalis counties. A number of 
geologic cross sections are inserted. 

1893. DiUer, J. S. Notes on palaeontology referring to Washington. — 

Bulletin Geological Society of America, volume 4, p. 217. 

A well preserved specimen determined by Mr. Stanton to be 
Baculites was given to Mr. Diller by Mr. W. P. Guye. It is said 
to have come from Snoqualmie River, three miles below the falls. 
Mr. Diller states : "It shows the presence of the Chico at that 
point. The rock is unaltered and lies between the Puget Group 
and the metamorphics." Careful areal geological studies have 
been made in that region and no strata have been found which 
could be assigned to the Cretaceous. It was undoubtedly de- 
rived as a fragment from the glacial drift which in that region 
heavily veneers the country. 

1894. Diller, J. S. Tertiary revolution in the topography of the Pa- 

cific Coast. — Eighth Annual Report, United States Geological 
Survey. (Powell), part 2. pp. 401-434, 8 plates, 4 figures. 

1895. Diller, J. S. A geological reconnaissance in Northwestern Ore- 

gon. — United States Geological Survey, 17th Annual Report, 
part 1, pp. 441-520. 

The paper discusses the geology of northwestern Oregon. 
Notes are given concerning the geology on the north shore of 
Columbia River across from Astoria. Reference is made to the 
occurrence of the very lowest Oligocene strata at Knappton on 
the Washington side of Columbia River. The raised beach at 
Ilwaco in Washington is described. A drawing is added to il- 
lustrate the unconformity between the older Oligocene and the 
overlying Pleistocene. He states : 

"At Ilwaco, on the north bank of the Columbia near its 
mouth, is an exposure of which a sketch is shown in figure 8. 
The upturned edges of the Astoria shales make the mass of the 
hill, and these shales are unconformably overlain about 30 feet 
above sea level by a series of gravel, sand, and clay layers I* 
feet thick. The material in these layers is incoherent and con- 
tains occasional fresh fragments of shells belonging to species 
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vet living on the coast. Near the middle of the deposit is a dark 
seam of vegetal matter, and the character of the stratification 
is such as to indicate that the deposit is waterlaid and not of 
eolian origin. 

"At the base of the hill the upturned edges of the shales have 
been cut off to an even surface by the waves, and this wave-cut 
terrace extends more than 100 yards toward the river. The top 
of the shales, in the hill immediately beneath the Pleistocene 
layer is planed off in the same way, and it is evident that when 
this was accomplished the shale in the hill top was then at the 
sea level and the waves rolled oyer it as they now roll over the 
lower wave-cut terrace to reach the beach. 

"The Pleistocene capping of the hill was laid down when the 
ancient wave-cut terrace was below the sea level deep enough 
to receive the deposits we now find there. Since then, of course, 
it has been raised to its present elevation by a general, perhaps 
more or less unequal, uplifting of the land along the coast." 

Mr. Diller's views concerning the Pleistocene history of 
Xorthwestern Oregon are of particular interest insomuch as it 
must apply in part at least to Southwestern Washington. Ex- 
tensive nearly horizontally bedded sands and clays rest uncon- 
formably upon older strata up to elevations above 600 feet. 
Remnants of peneplains are recognized up to elevations of 2000 
feet, indicating that all of Northwestern Oregon has been sub- 
merged perhaps that amount. A great sound is thought to have 
existed, perhaps similar to Puget Sound. Afterwards the 
region was again uplifted to an elevation somewhat higher than 
at present. The most recent movement was a subsidence suffi- 
cient to partially drown the low^er Columbia and Willamette 
river valleys, allowing the tide to extend up a considerable dis- 
tance above their mouths. 

1896. Gilman, S. C. Olympic country. National Geographic Magazine, 
volume 7, pp. 133-141. 

The paper deals primarily with explorations carried on in 
the Olympics. The general topographic features arc described 
and reference is made to the occurrence of sandstones and 
shales in the bluffs at the mouth of Queniult River. A map of 
the Olympic Peninsula accompanies the report. 
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1896. Stanton, Timothy William. Contributions to the Cretaceous 
paleontology of the Pacific Coast: the fauna of the Knoxville 
beds. — United States Geological Survey, Bulletin 133, 132 pages, 
20 plates. 

The following reference is made concerning the occurrence 
of Knoxville strata in the State of Washington : "The presence 
of Knoxville beds in Washington is inferred from the occur- 
rence of boulders containing Aucella crassicollis near Seattle 
and Tacoma and also from the fact that Aucella beds are well 
developed in British Columbia immediately north of Washing- 
ton." The facts are that these boulders are of glacial origin 
and may have been brought down from British Cohunbia by 
glaciers. 

1896. Willis, Bailey. Geology of the Cascade Mountains. — Johns Hop- 

kins University Circular, volume 15, p. 90. 

Mr. Willis states: 

"In the Cretaceous period Puget Sound and adjacent 
areas of Washington and Oregon of indeterminable extent 
were beneath a sea in which limestone was the principal 
formation. It is probable that toward the north or northeast 
in northern Washington and British C-olumbia, there was a low 
land area consisting largely of granitic and metamorphosed 
crystalline rocks. There gradually ensued a change by which 
Puget Sound and the area where the southern Cascades now ex- 
tend from tlie 48th parallel southward through Oregon became 
an extensive estuary, in whose waters deposits of sand and mud 
were laid down, and around whose changing shores there were 
many marshy lagoons in which a rank vegetation flourished. 
The conditions of cstuarine deposition, which perhaps can be 
best exemplified by pointing to our southern Atlantic coast, en- 
dured throughout Eocene and Miocene times, and we know that 
in the Miocene the climate was tropical and the place of the 
Cascade Range was a swampy lowland near sea level. The 
thickness of sandstones, shales, and coal beds of the Puget 
Group is 7,000 to 12,000 feet or more." 

1897. Dall, W. H. A table of the North American Tertiary horizons 

correlated with one another and with those of western Europe, 
with annotations. — United States Geological Survey, 18th An- 
nual Report, Part 2, pp. 323-349. 

In this paper the various Tertiary formations on the Pacific 

coast are briefly described and correlated with one another. He 
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states concerning the Puget Group of Washington : "The con- 
ditions continued through the Eocene and possibly into Miocene 
time. If so, the Puget Group may eventually be differentiated 
into several members." 

1897. Kimball, James P. Physiographic geology of the Puget Sound 
basin. — ^American Geologist, volume 19, pp. 225-237, 304-322, 
plates 12 and 19. 

In this paper numerous outcrops of p re-Pleistocene strata 
occurring at various points in the Puget Sound basin are de- 
scribed. 

1897. Smith, George Otis. Rocks of Mount Rainier. — United States 
Geological Survey, 18th Annual Report, part 2, pp. 416-423, 

Mr. Smith states: 

*'The volcanic rocks of Mount Rainier include both lavas 
and pyroclastics. The breccias, agglomerates, and tuffs, al- 
though of striking appearance, are, perhaps, less important 
elements in the construction of the composite cone. 

"The lavas vary much in color and texture, but these mega- 
scopic diflferences are referable rather to the degree of crystal- 
lization of the magma than to its chemical character. The 
variation in the chemical composition of the lavas expresses 
itself in mineralogical differences, and thus four rock types are 
distinguished — hypersthene-andesite, pyroxene-andesite, augite- 
andesite, and basalt. The distribution of these types indicates 
a radial arrangement of lava streams, and hypersthene-andes- 
ite is the more abundant variety of lava. 

'^Granite is exposed on the slopes of Rainier where erosion 
has cut away the overlying lava, and it is plain that the volcanic 
cone rests upon an elevated platform of older rock, approxi- 
matelv 8,000 feet above sea level." 

1897. Willis, Bailey. Glaciation in the Puget Sound region.— Ameri- 
can Geologist, volume 19, pp. 144-145. 

1897. Willis, Bailey. Stratigraphy and structure of the Puget group. — 
Bulletin Geological Society of America, volume 9, pp. 2-6. 

Abstract of a paper presented to the Society August 10, 
1897. A description is given of the coal bearing formations in 
King and Pierce counties. He states : "Thej- are prevailingly 
sandstones of variable composition, texture and color, thinly 
interbedded, and a typical arkose consisting of slightly washed 
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granitic minerals, to siliceous clays. Beds of concentrated 
quartz sands or conglomerates have not been observed. C*ar- 
bonaceous materials arc generally present as fragments of 
plants, as vegetal ooze in greater or less proportion to the 
other constituents and as distinct coal beds. In color they are, 
when fresh, generally bluish gray, shading to brownish black. 
They weather to buff tints, which are usually dull. Most promi- 
nent among the rocks associated with the Puget Group are 
eruptives of Tertiary or later age. They occur as dikes and 
flows in various forms of intruded and extruded igneous rocks. 
The measured sections of the Puget series exhibit total thick- 
nesses of 5,800 feet on Green River, 5,500 feet on South Prairie 
Creek, and 5,480 feet in Carbon River canyon. None of these 
measures arc complete. In each instance the lowest stratum is 
of the Eocene outcropping on an anticline and the highest is 
the limit of exposure where the rocks pass under later forma- 
tions. The strata of the Puget Series were deposited upon the 
slowly subsiding bottom of the geosyncline between the axes of 
the present Cascade and Olympic ranges. As strata of similar 
composition and age are involved in the mass of the Cascade 
Range, and probably also of the Olympics, the uplift of these 
mountains was to a greater or lesser extent accomplished after 
the Puget Epoch." These strata have been folded. In general 
the axes of these folds trend north and south parallel to the 
axis of the antecedent geosyncline, but there are evidences in 
local structures which show that the forces of compression were 
exerted also at right angles to the greater pressure. 

1S98. Lawson, Andrew C. Note on the Chehalis sandstone. American 
Geologist, volume 13, pp. 436-437. 

Note is made of some fossil bearing sandstones in the hill at 
('hehalis, Washington. The rock "is a sandstone of variable 
character. For the most part it is soft and friable. It is gen- 
erally clayey and its color varies from bluish gray to yellowish, 
According to the stage of oxidation." Fossils collected were de- 
termined by Mr. T. W. Stanton as Solen, Leda, Tellina, Venus, 
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FusuSj Dentalium and others. They are of marine origin and 
the strata were considered to be of "Eocene or Miocene age." 

1898. Merriam, J. C. Note on two tertiary faunas from the rocks of 
the southern coast of Vancouver Island. — University of Cali- 
fornia, Bulletin, Dept. of Geology, volume 2, No. 3, pp. 101-108. 

This paper deals with two collections of marine invertebrate 
fossils from the south coast of Vancouver Island. One of these 
is from Carmanah Point and the other from the vicinity of 
Sooke Bay. Altogether twenty-four species were collected at 
Carmanah Point. He states: "The fauna of the Carmanah 
Point beds seems on the whole to be the same as that of Conrad's 
Astoria Miocene, excluding, however, the lower portion of the 
latter series, which has been supposed to be of Eocene age." Of 
the fauna collected at Sooke fifty-five per cent are extinct. 
Eight or nine species are living. He states : "Comparing the 
Sooke fauna with that of well-known Tertiary and post-Tertiary 
horizons on the Pacific Coast, we find that six or seven of the 
species are known from the Miocene and about an equal num- 
ber from the Pliocene, nine species are found in the Quaternary 
and Recent, and seven or eight are not known to occur else- 
where, either recent or fossil." Dr. Merriam also says : "The 
evidence at our command indicates that the Sooke beds arc of 
jniddle Neocene age, and that the time of their deposition was 
considerably later than that of the ("armanah Point beds." 

1898. Russell, I. C. A preliminary paper on the Geology of the Cas- 
cade Mountains in Northern Washington. — United States Geo- 
logical Survey, 20th Annual Report, pt. 2, pp. 83-210. 

This report deals chiefly with the geology of the Cascade 
Mountains proper. A series of old metamorphic formations 
consisting of slates and schists of unknown age are intruded by 
granite. The Cretaceous is recognized in the extreme northern 
portion of the Cascades and is locally referred to as the Siniil- 
kameen and Winthrop formations. The Tertiary formations 
which are described are confined to the eastern side of the Cas- 
cades. They consist of the Swauk, Roslyn, Ellensburg and 
Columbia River lava. In late Tertiary times the Cascade Moun- 
tains were reduced to a peneplain. 
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1898. Willis, Bailey. Some coal fields of Puget Sound.— United States 

Geological Survey, Eighteenth Annual Report, part 3, pp. 399- 
436, plates 52-68, figures 26-31. 

In this report a detailed description of the geology of the 
coal bearing formations of Pierce and King counties is presented. 
Special consideration is given to the geologic structure. The 
preceding paper which was presented as an abstract covers the 
principal points in this. (1897. Willis, Bailey. Stratigraphy 
and structure of the Puget group.) 

1899. Willis, Bailey, and Smith, George Otis. Tacoma Folio.— United 

States Geological Survey, Geologic Atlas, Folio No. 54. 

This report describes the geology of an area involving parts 
of King and parts of Pierce County. The oldest formations are 
of Eocene age and are represented by the Puget Group. The 
Puget formation in this area is described as consisting *'of 
interbedded sandstones, shales, and coal beds aggregating 10,- 
000 feet or more in thickness. Sandstones prevail. They are of 
variable composition, texture and color, and arc frequently cross 
stratified. Their composition ranges from a typical arkose con- 
sisting of slightly washed granitic minerals to siliceous clays. 
The separate beds vary from a few inches to more than 100 
feet in thickness. In general the strata are similar and are 
similarly interbedded from top to bottom. The shales of the 
Puget formation are formed of siliceous clayey muds containing 
sometimes considerable carbonate of iron and generally more 
or less carbonaceous matter which varies in character from fine- 
ly divided organic material to large leaves and stems. They ac- 
cordingly range in color from rather light gray and blue to 
black. The lighter tints weather out brown through oxidation 
of the iron. The proportion of coal beds is extraordinary. Care- 
fully measured sections show that the Puget formation con- 
tains more than 125 beds. The valuable coal is found in the 
lower 3,000 feet of the formation. The physical history which 
is recorded in the Puget formation is one of persistent but fre- 
quently interrupted subsidence of the area within which the 
sediments were deposited. Throughout these changes the 

-2 
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waters appear to have remained fresh or brackish. The fossils 
other than plants are prevailingly unios or other fresh water 
forms." 

The flora is known to contain over 100 species, a very large 
number of which are new. The plant remains in the lower beds 
give evidence of a tropical climate while those in the upper are 
more closely related to those of the present day. 

"The condition of subsidence which characterized the Puget 
Sound Basin during the Eocene period continued into the, next, 
the Neocene. There is apparently no interruption or change in 
the sedimentary sequence to mark the transition, but plants 
collected from the upper part of the Puget formation differ 
from those taken from lower portions, and are of Neocene types. 

"In the northern Duwamish Valley, in the vicinit\' of Steels, 
is an isolated area of brown sandstone containing fossil plants 
which are younger than any collected from the recognized Puget 
formation, and which may belong to a later epoch of the Neo- 
cene period. A little farther northwest in the same vicinity 
are outcrops of green sand in which occur marine fossils of 
early Neocene (Miocene) age." 

1899. DiUer, J. S. Latest volcanic eruption on the Pacific Coast- 
Science, new series, volume 9, pp. 639-640. 

Certain evidence is presented to show that Mt. St. Helens 
and Mt. Baker were in eruption during the early part of the 
19th century. 

1902. Landes, Henry. Coal deposits of Washington. — Washington 
Geological Survey, volume 1, Annual Report for 1901, pp. 257- 
281. 

This report describes the coal bearing formations of the 
Puget Sound and Cowlitz Basin regions. The strata were l\e- 
lieved to have been deposited under estuarine conditions during 
the Eocene. 

1902. Landes, Henry. An outline of the geology of Washington. — 
Washington Geological Survey, volume 1, Annual Report for 
1901, pp. 11-35. 

In this report the state is divided into five topographic prov- 
inces. A preliminary geological map of the state is inserted, 
showing the arcal distribution of formations as known at that 
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time. The coal measures of Puget Sound are recognized as of 
Eocene age. The sedimentaries in Kitsap County are referred 
to as Miocene, as well as the belt bordering the south side of 
the Strait of Juan de Fuca and the larger part of southwestern 
Washington. 

1902. Landes, Henry, and Ruddy, C. A. Coal deposits of Washington. 
—Washington Geological Survey, volume 2, pp. 167-275. 

A more detailed discussion is entered into concerning the 
coal bearing formations than in the previous report. The fol- 
lowing generalized statement is made: 

"The coal measures of Washington belong to the early 
part of the Tertiary period or the Eocene epoch. In only a 
very few instances has the base of the coal measures been 
found. In the coal fields of Whatcom and Skagit counties the 
lowest strata of the coal measures lie upon a metamorphic 
rock, a mica schist of unknown age. At the Blue Canyon and 
Cokedale mines the largest coal seams lie but a few inches or at 
the most, but a few feet, above the schists. In general in the 
different fields the principal seams of coal lie well toward the 
bottom of the c(5al series and hence belong to the earlier portion 
of the epoch. In Washington, during Eocene time, the shore 
line was somewhere in the vicinity of the eastern border of 
Puget Sound, and extending southward beyond the present 
boundary of the state. The Olympic Mountains formed a 
large island immediately off the coast. The region of the Cas- 
cade Mountains was in general one of low relief. 

In the northern portion of the state, however, the Cascades 
were doubtless of considerable height and the streams flowing 
from them possessed of great strength, as shown by the coarse 
character of the sediments deposited at that time. The hills 
were composed of granite rocks as shown by the character of 
the sediments derived from them. The fossil contents and 
character of the sediments of the coal fields of Roslyn-Clcalum 
and those of Whatcom and Skagit counties show that these 
fields represent lake deposits. In the case of the Whatcom coal 
field the sediments reach an approximate thickness of 20,000 
feet and are made up of massive sandstones and coarse con- 
glomerates. In the remaining coal fields as far as known, the 
coal swamps were in estuaries along the shore where brackish 
water conditions prevailed." 
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1903. Smith, George Otis. Geology and Physiography of Central 
Washington. — United States Geological Survey, Professional 
Paper No. 19, pp. 1-44. 

The area involved in this paper lies in the east central part 
of the Cascade Mountains. The defonnational movements are 
of importance hecause of their possible influence on the western 
side of the mountains. Concerning the geologic history of 
central Washington, it is stated : 

"The oldest rocks, probably of Paleozoic age, furnish a 
lecord of sedimentation and volcanism, but this record has been 
greatly obscured by the altered condition of these rocks. This 
metamorphism in turn tells of the orogenic movements to which 
the rocks have been subjected and of the action of intrusive 
magmas. 

"The great intrusions of peridotite and granodiorite prob- 
ably belong to the Mesozoic, and were events of the first im- 
portance in the history of this portion of the C'ascade Range. 
The period of erosion subsequent to these intrusions was of 
sufficient length to allow these deep-seated bodies to be un- 
covered and deeply dissected. 

"From these eroded older rocks was derived the material for 
the Eocene sediments, and the process of sedimentation appears 
to have been a rapid one within this area, since several thous- 
and feet of granitic sands and other sediments were deposited 
in early Eocene time, before uplift again inaugurated erosive 
activity. Then began the first basaltic eruptions, the fore- 
runners of the greater volcanism of the Miocene. This volcanic 
activity was succeeded by the quieter processes of sedimentation, 
by which the Roslyn sandstone was deposited in middle Eocene 
time. Somewhat later, in an adjacent area, the deposition of 
the Manastash sediments took place, and the Eocene period 
closed with the uplift and folding of all of these Eocene forma- 
tions. 

"Erosion continued well into the Miocene within this area, but 
ceased with the beginning of the great eruption of basalt, the 
many flows of which covered the greater part of central Wash- 
ington like a molten sea. Immediately succeeding this epoch 
of volcanism came the deposition of the EUensburg formation, 
thick deposits of stream sands and gravels, brought down from 
a volcanic area to the west. 



The Tertiary Formations of Western Washington »37 



^'Mountain building* movements followed this sedimentation 
of the later Miocene, and again erosion began to cut away what 
had been uplifted." 

During the Neocene the region was extensively peneplained. 
Concerning its uplift later, he states: 

*'The ultimate deduction is that, whatever the relative pro- 
portion of antecedent and consequent character in the drain- 
age system, the main divide for the greater portion of its length 
in this area neither coincides with nor parallels the axes of most 
marked deformation of the preexi stent surface. The uplift to 
which the Cascade Range owes its origin was not simple in type 
but complex, and within this area, can be resolved into three well 
defined upwarps, which, moreover, are transverse to the main 
trend or major axis of the range considered over the large area 
to the north." 

1905. Arnold, Ralph. Gold placers of the coast of Washington. — United 
States Geological Survey, Bulletin No. 260 pp. 154-157. 

Certain bluffs of Pleistocene sands and gravels occurring 
along the ocean south from Cape Flattery contain small amounts 
of phicer gold. These Pleistocene deposits rest upon the up- 
turned edges of the older shales and sandstones. 

IMo. Arnold, Ralph. Coal in Clallam County, Washington.— United 
Stiates Geological Survey, Bulletin No. 260, pp. 413-421. 

This report describes the coal-bearing Miocene formations 
east of Clallam Bay, Washington. Mention is made of the 
Eocene basalts in the vicinity of Port Crescent and also of the 
pre-Oligocene formations south of Cape Flattery. The Oligo- 
ccne-Miocene strata occurring along the Strait of Juan de 
Fuca are described as well as their thickness, composition and 
structure. Special mention is made of the coal deposits found 
m these strata. The more important geologic results are to be 
found in Mr. Arnold's paper on the Olympic Peninsula pub- 
lished the following year. 

1905. Diller. J. S. Coal in Washington, near Portland.— United States 
Geological Survey, Bulletin No. 260, pp. 411-412. 

Reference is made to the occurrence of coal on Coal C'reek 
in Cowlitz County, 12 miles west of Kelso. The coal seam is 6 
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feet to 7 feet thick with two small partings of sand. It is over- 
lain by soft sandstone. He states: "The bed of coal is inter- 
stratified with a lot of shales and shaly sandstones well exposed 
along Coal Creek near the mine. The strike of these beds near 
the mine is northwest-southeast with a dip of about 15° S. W. 
There are igneous rocks cutting the coal bearing beds in that 
region and the strata are faulted locally. Marine shells occur 
in the strata 3 feet above the coal. Among them is the ribbed 
Venericardia planicosta, which is characteristic of the Eocene. 
The coal is essentially of the same age as that farther north in 
Washington." 

1906. Arnold, Ralph. Geological reconnaissance of the coast of the 
Olympic Peninsula, Washington. — Geological Society of Ameri- 
ca, Bulletin 17, pp. 451-468, 4 plates, 4 figures. 

This paper contains a description of the topographic and 
physical features of the Olympic Mountains, as well as the geo- 
logic formations and their structure. The following statement 
is made concerning the geologic formations: 

"The formations involved in the geology of the coastal 
region of the Olympic peninsula include serpentine, old diabase 
or greenstone, metamorphosed sandstone and quartzite, prob- 
ably of Jurassic age; 6,000 feet of gray sandstone with minor 
quantities of carbonaceous shales, supposed to represent the 
lower part of the Puget group and of Cretaceous age; 1,200 
feet of basalt and conglomerate, sandstone and shale; 2,260 
feet of Pliocene conglomerate, clay and gravel. In addition 
to this the Oligocene-Miocene breccia contains large quantities 
of angular fragments of hard black slate, indicating a probable 
widespread formation of this type of rock somewhere in the gen- 
eral region. Nothing is known of the age of the slate, except 
that it is pre-Oligocene." 

Five recognizable faunas are described as occurring in the 
Clallam formation along the Strait of Juan de Fuca: 1st, Low- 
est clay shale (Oligocene) ; 2nd, "above the clay-shale horizon 
is a series of medium bedded to fine massive sandstones in which 
are found a fauna apparently transitional from the clay-shales 
to the coarse sandstones" ; 3rd, a horizon of Miocene sandstone 
occurring east of Clallam Bay ; 4th, the fourth fauna is found 
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near the top of the Clallam formation in sandstone layers inter- 
bedded with conglomerates ; 5th, "The fifth fauna of the OHgo- 
cenc-Miocene is that found at the mouth of the Sekiu River in 
beds the equivalent of the uppermost strata of the Cape Flat- 
tery section." 

The Pliocene is described as occurring in a synclinal trough 
at the mouth of Queniult River. The term Queniult formation 
is applied to these strata. The following statement is made 
conceniing the geologic structure: 

'*As indicated by the exposures along the coast, the struc- 
tural lines in the region from Port Angeles to Gettysburg aver- 
age approximately parallel to the trend of the Olympics, north 
70^ west, south 70"^ east; those in the Gettysburg-Clallam Bay 
territory almost perpendicular to this, or a* little east of north, 
and those in the Clallam Bay-Cape Flattery stretch north 30° 
west, south 80° east, or again parallel with the ridges which 
extend along the coast in this region. A syncline, with its 
southern limb resting against the sandstones south of Lake 
Crescent and its northern one truncated by the waters of the 
strait of Fuca, is the major structural feature of the Port Cres- 
cent-Gettysburg region. From Gettysburg westward to the 
mouth of the Pysht River the structural features are not pro- 
nounced, the rocks in general, however, having a westward dip. 
A rather broad syncline, with its axis extending in a north- 
easterly-southwesterly direction, occupies most of the territory 
between the Pysht River and Clallam Bay. This syncline is 
complicated in its southeastern portion by sharp local folding 
and some faulting. The region between Clallam Bay and Cape 
Flattery is formed by a great northeast-dipping monocline, the 
beds of which appear to have a total thickness of over 15,000 
feet. 

"South of the Clallam Bay-Cape Flattery monocline is the 
western extension of the axis of the Olympic Mountains. The 
structure in the region about this line of disturbance is quite 
complex, but as one goes away from it toward the south the 
structure becomes simpler. Several determinable folds with 
northwest-southeast axes were noted along the coast between 
the Ozette and Hoh rivers, and in the vicinity of the mouth of 
the Queniult there is a very prominent syncline developed in 
the Pliocene, with its axis parallel to those just mentioned. 
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"A great uplift in the Olympic Peninsula region appears to 
have taken place at or near the close of the Miocene epoch and 
still another lesser one during the late Pliocene. That orogenic 
movements are still taking place, or have occurred since the 
deposition of the Pleistocene, is evidenced by the very gently 
folded and tilted clays, sands, and gravels in the vicinity of 
Port Angeles." 

1906. Arnold, Ralph. The Tertiary and Quaternary pectens of Call- 

m 

fornia. — United States Geological Survey, Professional Paper 
No. 47. 

This paper consists primarily of descriptions of Pectens oc- 
curring on the Pacific Coast. The majority of the forms are 
from California, although several new species are from the Ko- 
cene and Miocene of Washington. Lists of other associated 
species occurring with the Pectens are given. Among the more 
important localities in Washington are Little Falls, where the 
Eocene strata occur, and the Oligocene-Miocene along the north 
coast of Clallam Count v. 

1906. Smith, Geo. Otis, and Calkins, Frank C. Description of the Sno- 

qualmie Quadrangle. — United States Geological Survey, Geologic 
Atlas, Folio No. 139, 14 pages, 3 maps, 1 columnar section. 

The area involved in this report is confined to the central 
part of the Cascade Range. The western portion of the quad- 
rangle is largely covered with the Keechelus volcanic series whidi 
is of importance because of its probable extension westward to the 
Puget Sound region. 

1907. Reagan, Albert B. Some geological studies of northwestern 

Washington and adjacent British territory. — Kansas Academy 
of Science, Transactions, volume 20, part 2, pp. 95-121. 

The larger part of the area involved is covered with glacial 
drift. The pre-Glacial sediments at Bellingham are mapped as 
Eocene as are the metamorphics on Lummi Island. Basalts are 
said to outcrop in places just north of the international bound- 
ary line. 

1907. Weaver, Charles E. Notes on the bed-rock geology of the Olym- 
pic Peninsula. — Mountaineer, pp. 58-64. 

This paper was written from a popular standpoint. It 
records some geological data collected on a trip up the Elwha 
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Basin on the way to Mt. Olympus. The central portion of the 
Olympic Range is composed of slates and quartzites possessing 
an enormous thickness and having a general trend of North 
60° West. 

1909. Arnold, Ralph. Environment of the Tertiary faunas of the Paci- 
fic Coast of the United States. — Journal of Geology, volume 17, 
No. 6, pp. 509-533. 

The general relations of the Tertiary on the Pacific Coast 
are discussed, including that of Washington. He states: 
"Immediately preceding the Eocene period practically all 
of Washington, all of Oregon, excepting a small area along 
the southern border, the Sierra and desert region, and certain 
portions of the coastal belt of California were dry land." Dur- 
ing the Eocene continuous oscillations of the sea floor were tak- 
ing place, allowing the deposition of alternating deposits of 
estuarine and marine origin. In the Oligocene, strata "con- 
sisting largely of sandy to clayey shales and carrying a char- 
acteristic marine fauna are found at many localities through- 
out Puget Sound region. Wherever their relations are known 
these beds lie conformably with the Eocene below and lower 
Miocene above; they therefore mark areas of persistent sub- 
sidence." 

1909. Arnold, Ralph. Notes on some rocks from the Sawtooth Range 
of the Olympic Mountains, Washington. — American Journal of 
Science, fourth series, volume 28, pp. 9-14. 

Describes some rock specimens collected from the Olympic 
Mountains west of Lake Cushman. They are quartzites and as- 
sociated metamorphics of pre-Tertiary age. 

1909. Dall, William Healey. The Miocene of Astoria and Coos Bay, 
Oregon. — Professional Paper No. 59, U. S. Geological Survey. 

This paper is primarily a description of the Tertiary fauna 

from Coos Bay and Astoria. A number of new species from 

* • • • — . 

"-{ ': \ -'ttfrT^tiary of Washington are described. The discussion of 

the ^eolpgical conditions at Astoria is of especial interest as 

^*\* .••;'•,.• '••tljtf^fitegil* are closely related to similar forms in Washington. 

He states: 
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"Xo proper Eocene is exposed at Astoria, but the rocks 
may occur below the water level. The Aturia bed, of Oligo- 
cene age, in which Aturia angustata, Miopleiona indurata, 
Marcia oregonensis, Trophosycon oregonensis, and Scapharca 
decincta appear to be characteristic species, as already ex- 
plained, is no longer accessible, its outcrop having been close 
to the water*s edge under the most elevated part of the high 
bluff behind the town, which is strung along on a narrow talus 
or built out on piles over the river, there being hardly any level 
land between the bluffs and the water. At Smith's Point, west 
of the town, the shales are very low, the vertical face not ex- 
ceeding 15 feet. They dip about 16° in a southeasterly direc- 
tion and are composed of thin layers of chiefly bluish-gray 
shale with numerous fractures lined with peroxide of iron which 
develop more numerously as the surface dries, while the iron 
causes the face to weather into a brownish color. Most of the 
layers contain a little sand, but some do not show any. The 
fluctuations seem to succeed each other with a certain regu- 
larity. 

"Here and there a little gravel is mixed in one of the layers 
and in these gravelly layers are also small fragments of bi- 
valve shells, the most perfect and numerous being valves of 
Pecten (Pseudamusium) peckhami Gabj3, AcUa conradi Meek, 
and fragments of a species of Terehratalia, 

"At some places in the upper layers of the shale the clayey 
parts form along a bedding plane lines of concretions, partly 
fossilifcrous and containing most commonly specimens of Ma- 
coma calcarea in a bad state of preservation. 

"Above the shales at this point is a bed 8 to 20 feet in thick- 
ness of a yellowish clayey sand with irregular, mostly rounded 
fragments of a harder sandstone, maculated with peroxide of 
iron, with a few traces of marine fossils, and more or less gravel 
not regularly bedded and penetrating into fissures in the shaly 
rock below, in the form of dikes. The beach in this vicinitv is 
composed of the pebbles, nodules, and small boulders of the hard 
sandstone washed out of this layer mixed with a few fragments 
of volcanic tufa. 

"Near Tongue Point, at the other end of the town, two miles 
away, the same beds were recognized, but the gravelly layer 
seemed thicker and the shale much broken up. The same beds 
appear to compose the blufl^s between Tongue and Smith's points, 
though owing to the way the town is built they are diflicult of 
access. These bluffs at their highest point, near the high-school 
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building, rise perhaps 150 feet. Here a fine section shows 30 
to 40 feet of the shales exposed at an angle of 40° to 60^, dip- 
ping about 26° S. E., though the dip is not invariable. The yel- 
lowish sandstone gravel overlies the shales of an equal thickness 
and descends into them in dikes here and there. The upper mar- 
gin of the shales is in places indistinguishable, the clayey and 
sandy layers merging into each other and being similar in color. 

"It is notable that in the upper part of the shales some of 
the shells seem to have been fossilized in sandstone, washed out 
and reembedded in the clays. Between the valves or on one side 
of a single valve of a bivalve shell, there will be a remnant of 
soft coarse sandstone, while the fossil is otherwise embedded in 
a dark waxy clay shale. 

"These sandstones and shales have much similarity to Mio- 
cene deposits occurring in various localities along the coast from 
California to Alaska and part of the fossils are of identical 
species. 

"The Aturia bed and the superincumbent Astoria group oc- 
cur on the north bank of the Columbia in a good many places, 
apparently more elevated than on the Oregon side. 

"From a preliminary examination of Miocene beds examined 
by Ralph Arnold under my instructions at Clallam Bay, Wash- 
ington, it would seem that the species agree more generally with 
those of Astoria; but the difficulty of correlating in the present 
state of our knowledge is indicated by the fact that no trace of 
Sooke Miocene fauna, profusely developed on the Vancouver 
Island shore of Juna de Fuca Strait has yet been found after 
careful search on the opposite coast of Washington." 

1909. Darton, Nelson Horatio. Structural materials in parts of Ore- 
gon and Washington. — United States Geological Survey, Bul- 
letin No. 387. 

In this report brief descriptions are given of those rocks 
which are of importance as structural materials. In the vicinity 
of Portland the areal distribution of basalts are shown upon a 
topographic map. No age is assigned to them. They may pos- 
sibly be Eocene. 

1909. Reagan, Albert B. Some notes on the Olympic Peninsula, Wash- 
ington. — Kansas Academy of Science, Transactions, volume 22, 
pp. 131-238. 

This paper records the results of some geologic studies along 
the shore of the Strait of Juan de Fuca in Clallam Countv and 
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in the valleys of the Bogachiel and Soleduck rivers. Collections 
of fossils were made at numerous points and from these several 
new species are described. The principal formations involved 
are the Oligocene-Miocene and some Pliocene strata outcrop- 
ping near the mouth of the Bogachiel and Soleduck rivers. 
Many of the molluscan species in the Miocene are characteris- 
tic of strata of the same age in many parts of western • Wash- 
ington. 

1910. Bretz, J. Harlen. Glacial lakes of Puget Sound. — Journal of Geol- 

ogy, volume 18, No. 5, pp. 448-458. 

This paper deals exclusively with certain phases of the 
glacial history of the Puget Sound region. P re-Pleistocene 
deposits are not discussed. During the Glacial epoch the ice 
field is said to have filled the Puget Sound region. As it re- 
treated it left ponded water in front forming a large glacial 
lake, which was not drained off until the front of the ice sheet 
had passed north of the junction of Puget Sound and Strait 
of Juan de Fuca. 

1911. Bretz, J. Harlen. Terminal moraine of the Puget Sound glacier. 

— ^Journal of Geology, volume 19, No. 2, pp. 161-174. 

This paper deals entirely with Pleistocene deposits of glacial 
origin in the Puget Sound basin. Mention is made of bed rock 
formations resting beneath the glacial deposits. 

1911. Smith, E. Eggleston. Coals of the State of Washington.— United 

States Geological Survey, Bulletin No. 474. 

This paper deals chiefly with the analyses of coals from 
Washington coal fields. However, record is made of strati- 
graphic and structural data collected at those points where 
coal samples were taken. 

1912. Clapp, Charles H. Southern Vancouver Island. — Geological Sur- 

vey of Canada, Memoir No. 13. 

The area reported upon is entirely outside of the state of 
Washington, but the formations involved are so closely related, 
both structurally and physiographically, that it should be in- 
cluded. 



I 

[ 



46 Bulletin No. IS, Washington Geological Survey 

The pre-Cretaceous complex has apparently had a history 
in common with that of the Olympics. During the Cretaceous, 
parts of the region were submerged, allowing deposition of 
Chico sediments. During the Miocene the southern coast of the 
island was submerged and the sediments of the Carmanah and 
Sooke formations deposited. During late Miocene and Pliocene 
the entire southeastern part of the island is believed to have 
been reduced to a peneplain. Late in the Pliocene or early in 
the Pleistocene the peneplain was uplifted and maturely dis- 
sected and then later somewhat depressed, forming the present 
drowned valley topography. 

"On the retreat of the earliest and largest glaciers, the land 
stood some 200 to 400 feet lower than at present, and on the 
lowlands developed by the pre-Glacial erosion cycle, marine 
sediments were deposited, while large rivers flowing from the 
retreating glaciers formed extensive fluviatilc and delta de- 
posits. A second period of glaciation is recorded by the till 
overlying these deposits, but it was far less intense than the 
first period, and merely eroded portions of the stratified de- 
posits. Soon after, or possibly before the retreat of the later 
glaciers, an uplift of some 200 to 400 feet took place, uplifting 
the stratified deposits, which have been submaturely retrograd- 
ed during the present marine cycle." 

1912. Evans, George Watkln. The coal fields of King County.— Wash- 
ington Geological Survey, Bulletin No. 3. 

In the investigation of the King County coal fields, detailed 
observations were taken on surface outcrops wherever possible. 
This information has been platted upon a map. The rocks 
as exposed in Green River are of Eocene age and have been di- 
vided into three groups : the Bajme, Franklin and Kummer. 

1912. Weaver, Charles E. Geology and Ore deposits of the Index Min- 
ing District, Washington. — Washington Geological Survey, Bul- 
letin No. 7. 

The area involved in this report lies in the western foothills 
of the Cascade Mountains in Snohomish County. The forma- 
tions are chiefly pre-Tertiary in age and consist of metamor- 
phics intruded by granodiorites. They represent, however, the 
basement complex upon which the Tertiary of Puget Sound 
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rests. At Index these old formations occur at elevations rang- 
ing from five hundred to five thousand feet above sea level. 

1912. Weaver, Charles E. Preliminary report on the Tertiary Palaeon- 
tology of western Washington. — Washington Geological Survey, 
Bulletin No. 15. 

A preliminary outline is presented of the areal distribu- 
tion of the pre-Tertiary and Tertiary formations in the west- 
em part of the state. The following subdivisions were made 
of the Tertiary : 

Pleistocene — 
Pliocene — want ing 



^Upper Montpsano formation 



Miocene -< 



i Cbehalis formation 

Lower -; Wahklalcum formation 

r Blakeley formation. 



Ollgocene Lincoln formation 



Bocene. 



Upper s Tejon formation. . j R?f!?JH«h 

'Cowlitz formation. ■jBr^jWU.^p 

Lower Wanting. 

The Cowlitz formation was regarded as provisional with the 
understanding that it might represent a part of the Tejon. 
A partial list of the marine fauna was included and eighty-four 
new species of invertebrates were figured and described. 

1913. Arnold, Ralph, and Hannibal, Harold. The marine Tertiary 
Stratigraphy of the North Pacific Coast of America. — Proceed- 
ings of the American Philosophical Society, volume Lfll, No. 
212, pp. 559-605. 

This paper presents the ideas of the authors concerning 
the correlation of the marine Tertiary deposits of Oregon and 
Washington and gives a list of the fauna found in each division. 
The following stratigraphic column is submitted for the North 
Pacific Coast: 

Age — Formation 

Plelstocpnp ) Saanlch 

rieisTocene , Vashon Drift 

\ Admiralty Till 

Pliocene ■' Elk River 

I Merced 

Miocene -s Empire 

' Monterey (Clallam) 
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C i Twin River 

^.. ! Astoria - Seattle 

Ollgoceno ^ | san Ix»renzo 

I Sookc 

TArago 
Eocene -^ 'ivinn ' Oleciua 

1913. Bretz, J. Harlen. Glaciation of the Puget Sound Region. — ^Wash- 
ington State Geological Survey, Bulletin No. 8. 

This paper is confined almost entirely to a discussion of the 
glacial deposits and history of the Puget Sound region. Con- 
cerning the Pliocene he states : 

"For this region the Pliocene was primarily a time of 
diastrophic movement and erosion. The Eocene and Miocene 
beds were domed and folded, the whole area was lifted highen 
than at present, and subaerial erosion developed great relief in 
the weak Tertiary rocks already deposited." 

The following three epochs of Pleistocene glaciation are re- 
corded as "Admiralty (glacial), Puyallup (interglacial) and 
Vashon (glacial)." 

Concerning diastrophism during the Pleistocene, he states: 

"The land was high during the Pliocene, presumably higher 
than at any subsequent time. At the time of the retreat of the 
Admiralty ice, however, the region was slightly lower than at 
present ; marine organisms in the Admiralty sediments having 
been found in situ a few feet above present high tide. Early in 
the Puyallup interglacial epoch, the region was probably a 
thousand feet higher than now. At the maximum of Vashon 
glaciation outwash gravels were poured westward down the 
Chehalis as far as the present head of Grays Harbor, where 
they now lie 35 feet above tide, with stream bedding. From this 
we may conclude that the land had lowered from its high inter- 
glacial portion to one near that of the present." 

As the Vashon began to retreat a lake developed in front 
to the south. After Vashon retreat opened the Strait of Juan de 
Fuca the waters of the lake were replaced by marine waters. 
From the presence of marine shells at elevations as high as 280 
feet, it is thought that there was a post-glacial submergence of 
the Puget Sound region of that amount. 
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'*Whon the submergence was 120 feet or more in excess of 
the present, Grays Harbor and Puget Sound were connected 
by tide water across the site of Lake RusselFs discharge-way 
and the Olympic Mountains constituted an island." 

After this submergence the Puget Sound region was re- 
elevated to approximately its "immediately post-glacial posi- 
tion.'' 

1913. Collier, A. J. Coal Resources of Cowlitz River Valley, Cowlitz 
and Lewis counties, Washington. — Bulletin No. 531, V. S. Geo- 
logical Survey, pt. 2, pp. 323-330. 

This paper contains results of a brief investigation of coal 
resources of the southern part of the (^owlitz River valley in 
Washington. He states: 

"Along Cowlitz River northward from its junction with the 
Columbia lies an area of coal land 30 miles long and 15 miles 
wide. Probably a large part of this area is not imderlain by 
coal, but beds are exposed at so many places in the field that 
all of it is considered possible coal land. This field is probably 
continuous with that about Centralia and Chehalis, although 
for a few miles south from Chehalis no outcrops of coal have 
been found. The prevailing rocks are soft sandstones, which 
lie approximately horizontal and which locally contain beds of 
coal. Fossils of Eocene age are found in the sandstones. Be- 
sides the sedimentary rocks there are a great many bodies of 
igneous rocks, some of which are known to be of the same age 
as the sedimentary beds, whereas others are of later intrusion 
or extrusion. For example, a few miles north of Castle Rock 
an old lava flow, overlain by the later Eocene sediments, out- 
crops. Near Kelso there are several masses of rock, which cut 
through the sedimentary formation in the form of dikes, and 
on the east side the coal field is limited by later eruptive rocks, 
presumably of the Miocene .series, which forms a large part of 
the Cascade Mountains farther south. 

"The structure of the sedimentary rocks consists of open 
folds, in which the dips are low. Faults do not appear on the 
surface, but they have been encountered in some mines, causing 
abandonment. The structure in this field appears to be de- 
cidedly different from that about Chehalis and Centralia. In 
that field the coal beds dip as high as 70°, whereas in this field 
the beds nowhere dip more than 25^." 



[ 
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1913. Landes, Henry. Notes on Glacier coal field. — Pacific Mining 
Journal, volume 2, No. 4. 

This area involved is .situated in Whatcom County northeast 
of Bellin^ham and northwest of Mt. Baker. Sandstones and 
shales outcrop and within them seams of anthracite coal are 
found interbeded. 

Throughout the Glacier field the strike of the formations 
is approximately east and west with some small local variations. 
The dip of the strata is almost universally to the northward, 
thus giving to the field as a whole a monoclinal structure. The 
persistency of the dip northward is something remarkable. 
Xot only is it true between Discovery tunnel and Glacier, but 
as far north as Church Mountain, which is located about three 
miles northeast of Glacier, the same northward dip persists. 
How much farther to the northward of Church mountain the 
monoclinal structure continues is unknown at the present time. 
The angle of dip varies greatly throughout the field. On the 
steep mountain sides the amount of dip seems to be greater 
than that in the valleys or where the slopes are not .so pre- 
cipitous. It is interesting to note that the slope of the moun- 
tain and the dip of the formations are in the same direction. It 
is very clear that as a result the rocks near the surface have 
settled forward so that they have a greater apparent angle 
at the surface than they have at a depth below the limit of sur- 
face influence. 

1914. Lupton, Charles T. Oil and Gas in the western part of the 
Olympic Peninsula, Washington. — U. S. Geological Survey, Bul- 
letin 581-B, pp. 23-80. 

This paper presents the results of a geological examination 
of the region on the western side of the Olympic Peninsula and 
south of the Cape Flattery axis. A record is given of numer- 
ous observations taken on the strikes and dips as well as a 
description of all occurrences of oil and gas. 
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1914. Washburn, Chester W. Reconnaissance of the Greology and Oil 

Deposits of Northwestern Oregon. — U. S. Geological Survey. 
Bulletin 590, pp. 1-111. 

In this report a record is made of the occurrences of Terti- 
ary strata in the coast ranges of northwestern Oregon and also 
along the north shore of Columbia River in Pacific County, 
Washington. The strata outcropping along the north shore of 
Columbia River between Megler and Fort Columbia tunnel are 
described as being of Eocene age on the basis of a partly worn 
hinge of Vemricardia planhosta, 

1915. Dickerson, R. E. Fauna of the Type Tejon: Its Relation to the 

Cowlitz Phase of the Tejon Group of Washington. — Proceedings 
of the California Academy of Sciences, Fourth Series, volume 
5, No. 3, pp. 33-98, plates 1-11. 

A list is given of fossils collected one and one-half miles 
east of the town of Vader, Lewis County, Washington, in the 
shales outcropping in the banks of Cowlitz River. This fauna 
is regarded as representing the same faunal facies of the fauna 
of the type Tejon of California, i. e.y the Rimella simplex Zone. 

1915. Clark, Bruce L. The Occurrence of Oligocene in the Contra 

Costa Hills of Middle California. — University of California, 
Publ. Bull. Geol., volume 9, pp. 1, 16-21. 

Studies made in the Coast Ranges of California show the 
Agasoma gravidum zone to be unconformable beneath the Area 
montereyana zone. This unconformity is believed to be of wide 
extent. The faunal break between the Oligocene and Miocene 
in Oregon and Washington appears to be as great as in Cali- 
fornia. 

1916. Weaver, C. E. The Possible Occurrence of Oil and Gas Fields 

in Washington. — ^Transactions American Institute of Mining 
Engineers, Bulletin No. 103, pp. 1419-1427. 

A short description is given of the formations in the western 
part of the state and the structural conditions in their relation 
to the possible occurrence of oil and gas. 
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I»16. Weaver, C. E. Tertlarj- Fauoal HortzonE of Wes 
too.— University of WaahiuBton, Publ. Geol., vol 
pp. 1-67, plates 1-S. 

The report (Icscrihts sevt-ral new specks of T 
lusca from western Washinji^on. A list is given o 
known to occur in tlio Eoctno, Uligoccnc, nnd Mi< 
tions of Washington. Tlie Tertiary deposits of 
part of the state arc divided into five divisions 
basis. The Eocene is represented hy the Tejon 
California. The Oligooenc is divided into three f 
The lower Miocene corresponds to the Area inontt 
and the upper may be the equivalent of the Kmpii 
of Oregon. 



CHAPTER I. 
TOPOGRAPHY AND DRAINAGE. 

GENERAL STATEMENT. 

The western half of the North American continent, embrac- 
ing the entire area west of the Rocky Mountain divide as far 
as the Pacific Ocean, is commonly recognized as divisible into 
five distinct provinces, all of which have a general elongation 
parallel to the western margin of the continent. From east to 
west these provinces are generally referred to as the Rocky 
Mountain system ; the elevated plateaus of the interior ; the 
Sierra Nevada and Cascade ranges ; the structural downfold 
involving the great valleys of California, the Willamette Valley 
of Oregon, the lower Cowlitz Valley and the Puget Sound Basin 
of Washington ; and the Coast Ranges of California, Oregon 
and Washington. 

With the exception of the Rocky Mountain province these 
extend north and south across the state of Washington. The 
topographic features within the state may be grouped into seven 
divisions: Cascade Mountains, Okanogan Highlands, Columbia 
Plateau, Blue Mountains, Puget Sound Basin, including the 
lower C^owlitz Valley, Olympic Mountains and the Coast Ranges 
of southwestern Washington. 

The Cascade Mountains extend from the Oregon line almost 
due north to the Canadian boundary. The northern portion is 
approximately 100 miles in width. To the south the range 
gradually narrows and in the central part has a width of only 
75 miles. The crest line from north to south is somewhat sinu- 
ous in outline due to the differential resistance to erosion and 
difference in erosional power of streams heading on the eastern 
and western slopes. The general surface of the Cascades when 
viewed from any of the higher peaks gives the impression of a 
deeply dissected, slightly undulating plain. The summits of 
the ridges seem to constitute the remnants of a former pene- 
plain the surface of which averages 6,000 feet above sea level. 
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The Olympic Mountains occupy the northwestern portion 
of the state and when viewed from an elevation suggest an up- 
lifted and deeply dissected peneplain at an average elevation of 
5,000 feet. The surface of this plain appears as an axial up- 
warp with a low angle slope to the southwest and northeast. 
Rising above the surface are numerous residual monadnocks 
such as Mt. Olympus, Mt. Angeles, Mt. Eleanor, Mt. Constance, 
The Brothers and Mt. Church. These mountains attain eleva- 
tions up to 8,^50 feet. Volcanic peaks are absent from the range. 
The main divide of the range trends from Hood Canal in the area 
between Duckabush and Skokomish rivers northwesterly to Cape 
F latter V. The main stream vallevs bear awav from the axis 
of the range to the northeast and southwest. The sides of the 
valleys are bold and rugged and near their heads are small al- 
pine glaciers and snow fields. Bordering the Olympic Moun- 
tains on the north and west is a low coastal plain averaging 600 
feet in elevation and deeply covered with deposits of glacial drift, 
river gravels and sand. This low plain is also dissected by the 
streams flowing across it. The eastern slope of the mountains 
descend abruptly to Hood Canal while the southern side gradual- 
ly merges into the low lying hills of southwestern Washington. 

The Coast Ranges of southwestern Washington lie between 
Columbia River on the south and the Chehalis Valley on the 
north. They extend from the Puget Sound Basin-lower Cow- 
litz Valley depression westerly to the Ocean. They are com- 
posed of low-lying heavily timbered hills attaining a maximum 
elevation of 3,000 feet. The average elevation is approximate- 
ly 500 feet. The area involved is about 5,500 square miles. 
The western part of this area is marked by two irregular shaped 
embayments namely. Grays Harbor and Willapa Harbor. One 
prominent range of hills with several lateral spurs extends 
across this area diagonally from northwestern Cowlitz County, 
through southwestern Lewis County, and terminates at Willapa 
Harbor. A second less important one trends from Chehalis 
northwesterly to Grays Harbor, with lateral spurs. 



CHAPTER II. 
PRE-TERTIARY FORMATIONS. 

GENERAL STATEMENT. 

A large portion of the formations exposed at the surface in 
Western Wasliington is of Pleistocene age and consists of de- 
posits of either glacial or fluviatile origin. Where the p re- 
Pleistocene formations are not covered, they are often so badly 
disintegrated and weathered that their extent, character, and 
structure cannot be determined. These formations may be 
grouped under two broad divisions. The older consists of de- 
posits of Palaeozoic or Mesozoic age while the younger belong 
to the Tertiary. In this report, their description will be con- 
sidered under the two broad divisions just mentioned. 

It is not the object of this paper to deal very extensiveW 
with the pre-Tertiary formations. In the course of field inves- 
tigations a considerable amount of detailed information concern- 
ing their extent, character, and structural relations was ob-- 
tained. Insomuch as these older rocks form the basement upon 
which the younger formations rest and to a certain extent have 
influenced their mode of accumulation, it seems best to outline 
a few of their more essential characteristics. An old series of 
sediments and volcanic materials, which have been more or less 
metamorphosed, occur in the Olympic and Cascade mountains 
and also in the San Juan Islands. These range over several 
periods in age, but for general purposes of description are 
grouped together under the broad term old metamorphic 
SERIES. Intrusive into these are plutonic rocks, largely of inter- 
mediate chemical composition. The}'' are described as the index 
GRAXoDiORiTES. On the western side of the Olympic Mountains 
there is an extensive series of sandstones, shales and conglom- 
erates which are sometimes partially metamorposed. The term 
HOH FORMATION has been applied to these deposits. On the 
north side of the San Juan Islands and in northern Whatcom 
County, the upper Cretaceous or Chico formation is present. 
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metamorphism and interbedded with these are schists, slates, 
crystalline limestones and cherts together with intercalated 
metamorphosed lava flows. 

The quartzites as a rule form units of considerable thick- 
ness. They vary in color ranging from a pure white to a dark 
gray. Occasionally they exhibit well defined banding but more 
commonly are massive. In the near vicinity of large masses of 
granite or diorite they show the effects of intrusive action and 
are sometimes twisted and gnarled in such a way that the 
structure is difficult to determine. In some localities they have 
been extensively fractured and the intersecting cracks or open- 
ings are filled with quartz in the nature of small gash veins. 

Because of the great disturbances which these rocks have 
undergone, it is difficult to estimate their original thickness. In 
the area east of Index a detailed examination was made of these 
rocks and a mininmm thickness of at least 10,000 feet was es- 
tablished. Three fourths of this amount is composed of quartzite 
and the remainder is made up of slates and schists. 

In King County excellent exposures of the quartzites and 
schists may be seen in the valleys of the North, South and Middle 
forks of Snoqualmie River. These rocks have been extensively 
invaded by granodiorite magmas and the metamorphic rocks oc- 
cur largely in the form of residuals. In many places the original 
shaly phases have been converted into mica schists. Both the 
quartzites and schists extend northeasterly into the Skykomish 
Quadrangle and may possibly connect with the southern exten- 
sion of the Gunn Peak formation. 

In western Snohomish County mica schists and quartzites ex- 
tend from the Cascade Mountains and suddenly disappear be- 
neath the alluvium of Skagit River flats. Kultus Mountain, as 
well as the small rock hills projecting up through the alluvium, 
is composed of these rock types. Westerly they become more 
prominent again and constitute the bulk of Fidalgo Island as well 
as the major portion of the San Juan Island group. They con- 
tinue on westerly from the San Juan Islands into the central 
core of Vancouver Island. 
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vicinity of Granite Falls the exposures do not occur very much 
elevated above sea level. In the San Juan Islands small isolated 
patches of granodiorite may be seen intrusive into the older 
metamorphics. These may possibly be contemporaneous with 
the Index granodiorites. 

PKTROGUAPHIC DESCRIPTION. 

The granodiorite varies much in general appearance in dif- 
ferent parts of the country and is locally referred to by the 
miners as granite. The most typical phase of this rock is well 
exposed in the Soderberg quarry, about one mile west of Index 
in Snohomish County on the Great Northern Railway. The en- 
tire mass is here seen to be uniform in character in contrast to 
the mottled appearance which it possesses in many other parts 
of the district. Specimens collected from different parts of the 
quarry show a uniformity in texture, mineral composition and 
color. Megascopically the rock is holocrystalline, medium 
grained, dense, of a light gray color and breaks in large blocks 
with a slight tendency to a conchoidal fracture. When care- 
fully examined the hand specimens are seen to be composed of 
light colored feldspars, hornblende, and varying amounts of 
biotite and quartz. Occasionally small crystals of apatite may 
be seen. A more detailed study of the feldspar crystals proves 
them to be plagioclase with only a very small amount of ortho- 
clasc. When examined microscopically these specimens are found 
to be composed of about 40% plagioclase, 10% orthoclase, 80% 
hornblende and biotite and 20% of quartz, together with oc- 
casional crystals of apatite and titanite. 

CORUKLATION. 

The exact time during which the Index granodiorite was in- 
jected into the earth's crust cannot be absolutely determined. 
If the metamorphic series into which it is intruded is of Car- 
boniferous or Triassic age, which appears most probable, it 
certainly must have been intruded at some time later than the 
Triassic. It is overlain unconformablv by Tertiary volcanics. 
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resting upon the Hoh, or possibly faulted down into it. South- 
ward from Raft River for a distance of three miles the Hoh for- 
mation is exposed along" the beach and then to the south is again 
covered with the Miocene formations. At a point about one and 
one-half miles north of Cape Elizabeth, in the cliff along the 
ocean, outcrops of the Hoh formation are exposed for a distance 
of about one thousand feet. Apparently here they have been 
brought to the surface by faulting. This fault has caused the 
Hoh strata to appear in the south bank of Queniult River about 
four miles above its mouth in Section 6, Township 21 North, 
Range 12 West. South of Queniult River no outcrops are 
known which may be definitely assigned to the Hoh formation 
with a possible exception of some sandstones outcropping at the 
water's edge near the mouth of Copalis River. If they are 
again found to reappear southward it must be at some point in 
the coast ranges of Oregon. 

The areal extent of the Hoh formation easterly into the 
Olympic Mountains has not been definitely determined. Ex- 
aminations have been made of the rock exposures along the 
Quects, Hoh, and Soleduck rivers for a distance of over twentv 
miles from the ocean and the only formation encountered was 
the Hoh. From the close resemblance of certain strata out- 
cropping along the course of Elwha River and the headwaters 
of the Queets and Queniult rivers in the vicinity of Mt. Olympus, 
it is possible that the Hoh formation extends into the heart of 
the Olympic range. 

CIIARACTEIl OF OUTCROPS. 

The most important topographic feature of the western 
side of the Olympic peninsula is an uplifted coastal plain rang- 
ing from 15 to 20 miles in width and trending from Grays Har- 
bor northwesterly to the Cape Flattery axis. This plain ranges 
in elevation from 250 to 600 feet above sea level. Easterly it 
gradually rises and merges into the Olympic Mountains. To 
the south it becomes a part of the plain bordering Grays Har- 
bor. Its surface is undulating in character and across it trend 
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several river valleys such as the Queniult, Queets, Hoh and 
Quillayute. The bed rock or pre-Pleistocene surface of this 
area consisting almost entirely of the Hoh formation has been 
unevenly veneertd over with sands, clays and gravels of fluviatile 
origin, all of which are resting approximately horizontal. 

•Over a large part of this coastal plain the Pleistocene 
gravels and sands constitute the surface outcrops. It is only 
where the rivers have carved their channels through this cov- 
ering and down into the underlying bedrock, that the strata of 
the Hoh formation are exposed. Sometimes these exposures 
consist of outcrops exposed only a few feet above the water's 
edge. In other cases they stand as high, bold bluffs and in a 
number of instances form rocky gorges through which the 
streams flow. Wherever the bed rock exposures outcrop away 
from the main stream courses they appear to represent promi- 
nent topographical features in the nature of monadnocks as re- 
lated to the Pleistocene gravels. 

Along the ocean shore line excellent exposures of the various 
strata composing the Hoh formation may be seen almost con- 
tinuously. Occasionally, however, their upper surface passes 
down below sea level and the overlying Pleistocene sands and 
gravels form the ocean bluffs. The cliffs along the ocean, where 
composed of outcrops of the Hoh formation, range from a few 
feet to over three hundred feet above sea level and sometimes 
project out into the ocean as bold headlands so as to be im- 
passable even at the lowest tides. The character of the out- 
crops are such that excellent exposures of the Hoh formation 
may be obtained at intervals over a large part of the western 
portion of the Olympic peninsula. Observations have been re- 
corded in the field wherever possible. These observations have 
been tied into a continuous tape and compass traverse extended 
along the ocean shore line and up the more important streams. 
From these observations it has been possible to determine the 
lithologic character of the formation and to a certain extent 
tlie geologic structure which it now assumes. 
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The materials composing the Holi formation are almost cii- 
iirely of sedimentary origin although tiiese in places have been 
subjected to slight metamorphism. If the assumption be cor- 
rect that the qnartzites and slates comprising the central por- 
tion of the Olympics also belong to the Hob formation, the 
series as a whole may be regarded as having undergone differ- 
ential metamorphism. The lithologic appearance of all the 
strata along the western border of the peninsula is typical 
throughout the entire area and generally can be easily distin- 
guished from strata composing any of the formations in west- 
cm Washington. They consist chiefly of sandstones, shaly 
sandstones, sandy shales, shales and conglomerates. The sand- 
stones arc commonly medium to coarse grained with a some- 
what gritty appearance. They are nearly always firmly con- 
solidated and possess a grayish brown color. Generally small 
angular fragments of black slate may be seen in them. These 
sandstone layers are often six or seven hundred feet thick and 
contain occasional lenticular layers of conglomerates. Often 
these massive sandstone belts, in a very short distance along 
their strike, rapidly grade over into conglomerates. Another 
characteristic phase of this formation is a bluish gray, coarse 
grained, gritty sandstone which when examined carefully is 
generally found to contain a considerable amount of muscovite, 
sometimes in sufficient amount to give the sandstone a somewhat 
banded and scaly appearance. It is generally in this type of 
sandstones that indications of petroleum are found. This sand- 
stone sometimes becomes more or less shaly and is often inter- 
bedded with very narrow bands of dark brown shale, T'pon 
weathering such outcrops are rapidly converted into mud banks 
so that the original geologic structure cannot be determined. 
Typical examples of this may be seen between the mouth of Hob 
River and Hoh Head as well as at numerous other places north- 
ward along the shore line. 

Certain sandstones in the Hoh formation have a laminated 
appearance so that they may be easily broken into huge slabs 
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each of which will average four or five inches in thickness. Good 
examples of this type are illustrated on Salmon River about two 
miles south of its junction with the Queets. 

The shales range from a gray to a chocolate brown. They 
are sometimes massive but often occur in narrow bands alternat- 
ing with more sandy material. Sometimes small lenticular 
masses of hard, flinty limestone are interspersed among the 
shales. These vary from three feet to fifteen feet in length 
and weather out in nodular form. As a rule the shales disin- 
tegrate much more easily than the sandstones and it is in this 
phase of the formation that the valleys and gullies have been 
largely carved. Along the beach the coves are almost invariably 
developed in the shaly phase of the formation and the higher 
headlands in the sandstone. 

GEOLOGIC STRUCTURE. 

During the course of field investigations observations were 
taken on the strike and dip at as many points as possible. These 
have been platted upon Map A, Plate IV. The structure has 
been definitely worked out along the coast but inland sufficient 
data are not at hand to determine the continuation of the coast 
structure. In the vicinity of Forks in Clallam County an an- 

» ml 

ticlinal axis trends nearly south, crossing Bogachiel River in 
Section 33, Township 28 North, Range 13 West. (Plate XL) 
This may continue southward as far as Hoh River and if so 
would cross it in Township 26 North, Range 12 West. More 
detailed data must be obtained in order to establish this point. 
A well defined syncline trending nearly north and south crosses 
Bogachiel River in Section 23, Township 28 North, Range 14 
West. This has been traced as far as the Clallam- Jefferson 
County line, but has not been established farther to the south. 
Along the coast from Queets River northward to Point of Arches 
at least eighteen anticlinal and synclinal axes exist. With two 
or three exceptions these possess a northeast-southwest strike 
extending diagonally to the coast. In only a few instances have 
they been traced more than two miles inland. In many cases 
they have the appearance of minor warps developed on the limb 
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of a supposed large sub-inarinc nnticlinal nxis lyinj; west of tlic 
present coast line. On the Noutli side of Quects River an anti- 
clinal axis crosses Salmon Creek about two miles south of its 
mouth and trends southwesterly into the QuciiJult Indian Reser- 
vation. A similar axis crosses Quects river about two miles from 
its mouth. Two miles north of Cape Elizabeth the bluffs com- 
posed of low-dipping Miocene sandstones arc suddenly replaced 
by dark chocolate colored shales. While no actual contact be- 
tween the two may be seen, yet the sharp discordance between 
the strike and dip give direct evidence of faulting. About one 
thousand feet north of this fault the shales are replaced by Mio- 
cene sandstones. Four miles east of Queninit River, in the 
southern portion of the big bend, a fault may be detected whose 
trend is North 45^ West. The intervening area is heavily cov- 
ered with fluviatile deposits so that the underlying bed-rock is 
entirely concealed. It is probable, however, that a narrow fault 
block of the Hob formation has been thrust into the upper Mio- 
cene. 

Along the coast between the mouth of the Hob River and 
Hoh Head excellent exposures of the Hoh formation may be ob- 
served. (Plate XII). Hoh Head itself is composed largely of 
massive brown sand.stone. At it^ western end a small cove has 
been developed and a synclinal axis trending nearly east and 
west has folded down a few hundred feet of overlying shale. Be- 
cause of the non-resistance of the shales to erosion a cove has 
been formed at this point. Immediately south of Hoh Head and 
north of the high conglomerate point just north of the mouth of 
Hoh River a synclinal axis trends North 30^ East. Where this 
axis intersects the coastline a cove has been developed in an ex- 
tensive series of sandy shales underlying the massive sandstone 
of Hoh Head. From Hoh Head northward along the coast for 
a distance of ten miles an anticlinal axis appears to lie just off 
the shore beneath the waters of the ocean. It passes inland 
again in Section 1, Township 27 North, Range 15 West and 
crosses Quillayute River about one-half mile east of Mora. 
Northward from the mouth of the Quillayute the Hoh forma- 
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tion is involved in several synclines and anticlines and finally 
passes beneath the Eocene (?) basaltic formation exposed at 
Point of Arches. The formation is exposed in places along 
Dickey River east of Ozette Lake but insufficient data have 
been obtained to determine its structure. The eastward con- 
tinuation of this formation has been traced into Township 29 
North, Range 12 West, where it is found to be badly broken and 
shows the effect of greater metamorphism. Whether it extends 
eastward into the heart of the Olympic Mountains from pres- 
ent evidence cannot be determined. 

STRATIGRAPHY. 

Wherever possible along the coast, detailed stratigraphic 
measurements of the strata in the Hoh formation were made. 
In every case such sections have been tied into traverse surveys. 
A continuous traverse was run from Moclips to Cape Flattery 
and the station numbers referred to in the following sections 
are points upon that traverse. There are insufficient data at 
present to determine in which particular portion of the Hoh 
formation each of these sections belongs. Inland from the ocean 
shore line the exposures are so limited that it is impossible to 
correlate one with another. Faulting has also complicated the 
structure. 

The following section represents partial measurements from 
Station No. 133 at a point north of the mouth of Kalaloch River 
to a point at the mouth of Cedar River : 

Top of Section Feet 

Massive brown sandstone 110 

Massive sandstone 180 

Covered 120 

Banded sandstone with Intercalated shale bands 36 

Interbedded shale and sandstone, sandstone predominating 22 

Covered 400 

Massive sandstone 200 

Covered — but where exposed mostly shale 500 

Massive sandstone 60 

Massive sandstone 5.3 

Banded sandstone 6 

Massive sandstone 28 

Banded sandstone 2 

Massive sandstone 6 

Banded sandstone 5 

Massive sandstone 7 
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Top of Section /><"/ 

Shale 1 

Massive sandstone 7 

Covered — probably shale l.'O 

Shale ir.O 

Massive sandstone HHt 

Banded sandstone 2 

Massive sandstone fi 

Banded sandstone 

Massive sandstone 2.1 

Banded sandstone 

Alternating bands of shale and sandstone 24 

Shale 3« 

Chocolate colored shale r»0 

Massive sandstone 20 

Shale— At station No. 170 20 

Mostly covered — where exposed a massive gray sandstone 400 
Covered — where exposed hard conglomerate and meta- 
morphic rock — largely determined from stacks located 
at intervals along the coast. This region may repre- 
sent the true base of the Iloh formation. 
Base of Section — - — 

Total 2741 

The following section was measured along the coast from 
Station No. 360 to No. 407. The base of this section is at 
Station No. 360. The line along which the section was meas- 
ured is approximately five miles north of the mouth of Quillayutc 
River, in southwestern Clallam County. 

Top of Section Feet 

Brown massive sandstone 100 

Massive brownish gray sandstone with some conglom- 
erate 1 500 

Gray sandstone 200 

Jnterbedded gray sandstone and shale 300 

Sandy shale 600 

Base of section 

Total ; 2700 

CONDITIONS OF DEPOSITION. 

The Hoh formation was laid down either on the coastal 
margin of the ocean direct or in an extensive embayment of 
the ocean. The fact that massive conglomerates and coarse- 
grained gritty sandstones alternate with enormous thicknesses 
of shale suggest oscillations in the depth of the sea-floor. Oc- 
casionally fragments of carbonized wood or small lenticular 
.seams of lignite occur interbedded with gravel or conglomer- 
ates. These conglomerates may represent deposits formed 
along former beaches or even along the lower portions of stream 
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valleys. A microscopic examination of the shale phases of W 
formation indicate the presence of marine diatoms and foranj 
inifera. These forms of life may have thrived in the deepc 
waters. Because of the total absence of marine invcrtcbrai 

fossils other than those just mentioned and the absence of plan 

remains, it is impossible to arrive at any conclusion conccrnin 
climatic conditions. 

FOSSII^. 

Although a careful search has been made for fossil Mo] 
luscan remains within the Hoh formation, not a single frag 
ment has as yet been found. A portion of a small leaf of un 
determined species was collected from the first headland sout ^irs 
of Raft River. In the vicinity of Hoh Head brownish coIore5/ i 
shales outcrop which upon microscopic examination are fount 
to contain numerous remains of diatoms. Nearly all the shal 
exposures which show the presence of diatom remains posseslT 
the odor of petroleum. Fragments of shale brought up fror 
a depth of seventeen hundred feet in the oil well at Forks con 
tain the remains of numerous foraminifera. These shales al*' 
have a pronounced odor of petroleum. ^| 

CORRELATION. Z-y*^j 

The exact age of the Hoh formation is not certain. It i 'Jl 
certainly older than the Miocene and apparently older thab 
the Eocene (?) basalts as exposed south of Cape Flattery. I 
is less metamorphosed than the older Carboniferous and Tri 
assic rocks of the San Juan Islands and northern Cascades. I>, 
might possibly be of the same age as those just mentioned bui 
have undergone a lesser degree of metamorphism. As far ai 
known no massive intrusive rocks occur within the Olympicjr 
If they are present they are of minor importance. This faci 
might account for the difference in degree of metamorphisn 
and still allow them to be of Carboniferous or Triassic age^ 
They do not, however, contain the large limestone masses thai 
are so commonly associated with those older formations in the 
northern Cascades, San Juan and Vancouver islands. They dc 
not bear any resemblance to the upper Cretaceous rocks as ex- 
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postd along the northeiist coast of Vaticoiivor I^ 
are presumably older. It is quite possible that 
of Jurassic age. These suggestioii.s arc ba.sed e 
lithological evidence which forms a very insecure h 
relation. 

CHICO FORMATION. 

CKNKRAI, STATKMKNT, 

The Cretaceous deposits of tlic Pacific Coas 
divided into three divisions. These are referred to 
ville or lower Cretaceous, the Horsctowu or niiddli 
and the Chico or upper Cretaceous. With the 
the possible occurrence of the Knoxville in What 
the Chico formation is the only Cretaceous deposit 
in the western half of the state. 

Chico strata are known to occur in the Que 
group, as well as on the northeast side of Vancouvf 
rjEOfiiiAi'iiic i>isTninrTK}x. 

In western Washington strata of Cretaceou.'* a 
ill the northern portion of the San Juan Island: 
northern portion of Whatcom County. With the 
these localities, rocks of Cretaceous age are unkn 
em Washington. However, they may possibly 
buried beneath an enormous overburden of Tcr 
The upper Cretaceous or Chico strata as esposd 
Juan Islands are the southeastern extension of i 
of sedimentary rocks exposed along the northeast i 
couver Island. They disappear to the east in 1 
but may possibly exist beneatli the glacial covered 
of Bellingham. 

In the San Juan group, the Chico formation 
of Sucia Island, Patos Island, the extreme nort 
Orcas Island, all of Waldron Island, Stuart Islan 
smaller unnamed islands off the north end of Sar 
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proper. To the northwest these outcrops continue to Saturna, 
Mayne, Pender, and Galiano islands on the British side. 

CIIARAX^TEK OF OrTCROPS. 

The general character of the outcrops has been largely 
determined from the structure which the strata assume. The 
harder conglomerates and sandstones constitute the higher hills 
and mountains while the valleys and sub-marine channels have 
for the most part been developed in the softer shale members. 
On Orcas Island the softer Cretaceous rocks form low hills com- 
pared with the harder metamorphosed formations just south 
as represented in Turtle Back Mountain and Mt. Constitution. 
Sucia Island is nearly divided by an east-west embayment 
which has been carved into the soft shales leaving the harder 
rock to form the north and south portions of the island. Wal- 
dron Island is more nearly circular and owes its general form 
to the resistent character of the conglomerates and sandstones 
which so largely compose it. 

lttiiolo(;y. 

The Chico foniiation as exposed in the San Juan Island 
group is composed of massive and bedded shales, and extensive 
belts of alternating beds of shales and sandstones. The series, 
as a whole, has not been metamorphosed. The pebbles com- 
posing the conglomerates have nearly all been derived from the 
underlying metamorphic formations. They are composed of 
quartzites, granite, diorite and gabbro gneisses. The pebbles 
range in size from that of a marble to boulders over five feet in 
diameter. Probably from 4 to 6 inches in diameter is the average 
size. These conglomerate masses resist weathering and con- 
stitute the more important topographic features of the forma- 
tion. Interbedded with these conglomerates are irregular 
shaped bands of grit and sandstone. Connnonly these widen 
out so as to allow the conglomerate belt to develop into an 
alternating series of sandstones and conglomerates. Some- 
times they grade over into massive sandstones which contain 
small cross-bedded lenses of conglomerate and then back again 
into conglomerate proper. 
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The sandstones are most commonly coarse-grained, of a 
light brownish gray color and sometimes showing cross-bed- 
ding. The shales vary from a light gray to a predominating 
chocolate brown. They are often distinctly bedded, although 
sometimes massive. On the north side of Orcas Island they 
alternate as very narrow bands with sandstone. 

No igneous rocks, either extrusive or intrusive, have been 
found associated with the Chico formation in the San Juan 
Island group. 

CONDITIONS OF DEPOSITION. 

The Chico formation as represented in the northern part 
of the San Juan Islands in common with that of the east coast 
of Vancouver Island was deposited in an embayment of the 
ocean formed between the main axis of Vancouver Island and 
the British Columbia mainland. This arm appears to have been 
cut off at the south of the Straits of Rosario by a mountainous 
mass extending from the present site of the Cascades, through 
the San Juan Island group into Vancouver Island. The lower 
portion of the formation appears to have been formed under 
comparatively shallow water conditions, the middle portion of 
the formation in deeper water, and the upper portion under 
shallow water and in part under fluviatile conditions. The lat- 
ter is evidenced by the extensive series of non-fossilifcrous in- 
terbedded conglomerates and sandstones. 

GEOLOGIC STHUCTUKE. 

The strata involved in the Chico formation in the northern 

portion of the San Juan group in common with those along the 
northeast coast of Vancouver Island have been folded into a 
series of northwest to southeast anticlines and synclines. On 
the north side of Orcas Island the strata rest unconformably 
upon the older met amorphic formations and dip at an average 
angle of 60° to the northeast. On Waldron Island the formation 
has been folded back so as to form the nose of a syncline. 
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CHAPTER III. 
EOCENE FORMATIONS. 



West of the crest line of the Cascade Mountains witliin the 
state there arc extensive deposits of Tertiary age. These de- 
posits consist of rocks of sedimentary and tgneouK origin. The 
sedimentary materials are composed of sandstones, shaly sand- 
stones, shales and conglomerates. The igneous rocks consist of 
lava flows of varying texture, volcanic tuffs, dikes, sills and in- 
trusive plutonic rocks. The formations of surface origin pos- 
sess a maximum aggregate thickness of over 35,000 feet not 
all of which is present in any one particular locality. For the 
most part tiiey are firmly indurated but have not heon meta- 
morphosed. The hasement complex upon which they rest is 
composed of quartzites, slates, schists, gneisses and various 
types of intrusive rocks all of which have been subjected to more 
or less deformation and erosion. Formations of Tertiary age 
are largely absent from the central portion of the Olympic 
Peninsula, the San Juan Islands and portions of the Cascade 
Mountains. 

Tlie following subdivisions of the Tertiary have been made 
within the western portion of the state upon a basis of the 
information obtained in this investigation: 



QIATKRX.VItV., 



I of tbe pr.'iwnt 



MiiDtPsano formi 






r Miocene. Wflliklakum Hcjflzon <i 
fBLAKEl.KY HORIZOX. rhariirtiTl7.-tl li 
J PilRTER HORIZON. niHrac-lrrlzi'd I 

; I.IXrOLX imRIZOX. (HHrarnTlz^il 



82 Bulletin No, 13, Washington Geological Survey 



Deposits containing a fauna representative of the Martinez 
epoch or lower Eocene have not as yet been recognized within 
the state. It is possible, although not certain, that the Swauk 
formation of eastern Washington may in part be the equiva- 
lent of the Martinez. Deposits of marine, estuarine and fresh 
water origin together with intercalated flows of lava and tuff 
are well developed and possess a maximum thickness of 15,000 
feet. The marine sedimentary phases of these deposits con- 
tain a rich marine invertebrate fauna characteristic of the 
Tejon epoch or upper Eocene of the Pacific Coast. The lacus- 
trine or fresh water phase of the formation is best developed in 
the central and eastern portion of the Cascade Mountains. The 
estuarine phase occurs in the western foothills of the Cascades 
and in the form of small lenses interbedded with the predomi- 
nating marine phase of southwestern Washington. The vol- 
canic phase, which consists of lavas ranging in composition 
from basic andesites to acidic basalts, occurs in the form of 
flows of varying thicknesses intercalated with the marine and 
estuarine sediments. These lavas range in texture from typical 
volcanic ash and flow breccias to microcrystalline and glassy 
types. The materials have in part at least escaped to the sur- 
face through fissures and accumulated both on the land sur- 
faces as well as upon the floor of the upper Eocene embay ments. 
Faunal and floral evidences indicate the existence of a tropical 
to sub-tropical climate during the entire Tejon epoch. 

During the Oligocene epoch marine embayments were much 
more widely extended throughout Washington west of the pres- 
ent site of the Cascades than during the Eocene. The deposits 
formed in these embayments attained a maximum aggregate 
thickness of 14,000 feet. They are almost entirely of marine 
origin and contain abundant and in many cases excellently pre- 
served invertebrate faunas. Three distinct faunal zones can be 
recognized. The strata identified by each of these zones are 
referred to as horizons. The oldest Oligocene within the west- 
ern portion of the state is identified as the Lincoln Horizon and 
contains the Molopophorous lincolnensis Zone. The middle di- 
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vision is known as the Porter Horizon or Turritella porterensis 
Zone and the upper division as the Blakeley Horizon or Acihi 
gettysburgensis Zone. The materials deposited in the Oligo- 
cexiQ einbavments consist larcrely of shalv sandstones and sandv 
shales together with minor amounts of conglomerate, sand- 
stones and shale. Volcanic lava flows are almost entirely absent 
from the Oligocene formations w^th the exception of certain 
areas north of Columbia River in Pacific County. Many of the 
shales and sandstones are derived from rock of volcanic origin. 
The principal areas where deposits of Oligocene age now form 
surface outcrops are along the north border of the Olympic 
Peninsula, the Puget Sound Basin and southwestern Washing- 
ton. 

During the lower Miocene the marine embayments became 
much more restricted than during the Oligocene and the de- 
posits formed are now found outcropping in the vicinity of 
Clallam Bay on the south shore of the Strait of Juan de Fuca, 
in the Grays Harbor region and on the north side of Columbia 
River in Wahkiakum County. The maximum thickness in the 
region of Clallam Bay as well as at Grays Harbor is approxi- 
mately 4,000 feet. The materials are predominatingly coarse- 
grained sandstones, shales and conglomerates. They contain a 
fairly abundant fauna which is quite distinct from the older 
Oligocene faunas as well as the younger upper Miocene faunas. 
One of the most common and characteristic species occurring 
in this fauna is Area montereyana Osmont. The fauna occur- 
ring within these deposits is referred to as the Area mon- 
tereyana Zone and the strata containing the fauna as the Wah- 
kiakum Horizon. Future studies may determine that this 
horizon is the equivalent of the Monterey formation of Cali- 
fornia. Sufficient evidence is not now available to warrant such 
a direct correlation. 

At the close of the lower Miocene the Pacific Coast was sub- 
jected to intense deformational movements. A large part of 
the former sea floor was elevated above sea level. Sediments 
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formerly deposited were folded and faulted. The newly elevated 
land areas were attacked by erosional agencies and the newly 
derived sediments were during the course of upper Miocene time 
deposited in newly developed embayments. In Washington near- 
ly all of the western portion of the state was elevated during the 
middle Miocene. During the upper Miocene two small embay- 
ments were formed. One of these embalmments was situated on 
the western side of the Olympic Peninsula near the mouth of 
Quillayute River and the other to the north and east of Grays 
Harbor. Apparently the land area during the upper Miocene 
extended much farther to the west than at present. The upper 
Miocene sediments in western Washington consist of sandstones, 
conglomerates, and shales of marine, shallow water origin and 
possess a thickness of 2,000 feet. Marine invertebrate faunas 
are abundant and are closely related to the Empire fauna of 
Oregon and the San Pablo of (California. Sufficient evidence is 
not as yet available to warrant making correlation of the upper 
Miocene of Washington with the Empire or San Pablo forma- 
tions. The upper Miocene fauna of Washington is referred to 
as the Yoldia strigata Zone from the presence of this most char- 
acteristic species. The strata containing this fauna are termed 
the Montesano Horizon. Montesano formation might appro- 
priately be used. 

Along the western slopes of the Cascade Mountains there 
are extensive deposits of andesitic lavas and interbedded tuffs 
and cla3\s. The older Eocene deposits pass beneath these lavas 
along the western margin of the foothills of the Cascades. Ex- 
posures are well defined from Enumclaw to Cedar Lake in King 
County and the name Enumclaw volcanic series is provision- 
ally applied to them. They are at least two thousand feet in 
thickness in the region studied. They may be the western ex- 
tension of the Keechelus Volcanic Series which have been mapped 
in the Snoqualmie Folio by George Otis Smith and F. C. Cal- 
kins.* 



♦ Smith. G. O.. and Calkins, F. C. Snoqualmie Quadrnnglo. I'. S. Oool. 
Surv. Folio 139. 1006. 
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these faunas indicates a very close relationship to the upper 
Eocene of California, in fact so close as to warrant a direct 
correlation with the Tejon. The basement upon which the 
upper Eocene sediments were deposited is in most localities con- 
cealed. In Skagit, Whatcom and Snohomish counties estuarine 
deposits are resting directly upon schists and slates of Palaeo- 
zoic or Mesozoic age. In the central and eastern portions of 
the Cascade Mountains lacustrine deposits of Eocene age arc 
resting upon extensively eroded peridotites and granodiorites 
as well as slates and quartzites of Mesozoic age. In the south- 
western portion of the state as well as in the Puget Sound 
Basin the basal contact relations cannot be determined as thev 
are nowhere exposed at the surface. During the upper Eocene 
the Cascades as a range did not exist. The central and south- 
err^ portions of the range within the state were presumably not 
greatly elevated above sea level while the northern portion may 
have possessed some relief. The regions now involved within 
the San Juan Islands as well as the central portion of the Olym- 
pic Mountains were apparently land areas which had been up- 
lifted at the close of the Jurassic. Differential oscillations of 
the land areas as well as the sea floor were taking place during 
the upper Eocene or Tejon epoch. Coincident with these move- 
ments the embayments of the ocean were shifting both in area 
and depth. There was a consequent change in the environ- 
mental conditions under which the marine invertebrate fauna 
was existing. A record of these conditions is in part preserved 
in the character and distribution of the fossil faunas as well 
as the lithologic character of the sediments in which the faunas 
were buried. On the present site of the Cascade Mountains 
fresh water lakes of considerable size were in existence. These 
basins were continuously changing in size and may at times 
have had direct or indirect connections with the estuaries to 
the west in central King, Pierce and Lewis counties. 

GEOGRAPHICAL DISTRIBUTION. 

Surface outcrops of upper Eocene age occur in the western 
foothills of the Cascades, in the Puget Sound Basin, on the 
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north flanks of the Olympic Mountains, on the southeastern 
portion of Vancouver Island, in the lower Cowlitz Valley and in 
the hills of southwestern Washington. Over considerahle por- 
tions of these areas they arc more or less obscured by later lavas 
or tuffs or by deposits of glacial drift. As a result the surface 
exp«>sures of the Eocene formations appear in the form of iso- 
lated outcrops. In some cases it is possible to determine defi- 
nitely that the intervening covered areas are underlain with 
strata of Eocene age. In other instances their presence is only 
conjectural. On the maps accompanying this report an effort 
has been made to represent the distribution of the preglacia! 
formations. Those areas where the surface exposures arc of 
Pleistocene age but where there is some evidence to indicate that 
the underlying bedrock formations are Eocene have been mapped 
as Eocene. Where the contacts between Eocene and other bed- 
rock formations are covered the probable approximate position 
of the contact lines have been inserted upon the maps. These 
facts should be borne in mind whenever detailed use is made of 
the maps. 

The surface distribution of the marine, estuarine and ba- 
saltic phases of the Eocene are also designated upon the maps. 
Usually they are interbedded with one another but one phase 
predominates over the other. In every case the predominating 
phase has been mapped. 

Along the north side of the Olympic Peninsula, Eocene ba- 
salts together with interbedded tuffs and shales trend from Port 
Discovery Bay westerly to the Point of the Arches south of 
Cape Flattery. Between Port Angeles and Port Crescent a 
tongue like mass extends northerly to the Strait of Juan de 
Fuca. This belt of lava rests upon the older Mesozoic sedi- 
mentarics of the Olympic mountains and in turn forms the base- 
ment for the overlying marine Oligocene deposits. 

The basalts just described extend southerly around the east 
and south flanks of the Olympic mountains and are also exposed 
in the Bald Hills of central Kitsap County in the Puget Sound 
Basin. If all the overlying deposits of glacial drift were re- 
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moved exposures of basalt would presumably occupy the entire 
southern portion of the Puget Sound Basin from the Olympic 
mountains to the western margin of the Cascades. Outcrops of 
basaltic lava and interbedded sandstones and shales occur in 
the hills south and southeast of Seattle in King and Pierce 
counties. Similar deposits are present in Thurston, Lewis and 
Cowlitz counties. In Pacific, Wahkiakum and Gravs Harbor 
counties extensive exposures occur intimately associated with 
younger marine deposits of Oligoccne, lower Miocene and upper 
Miocene age. 

In the foothills of the Cascades in western Skagit and What- 
com counties there are small local deposits of sandstones and 
shales of probable lacustrine origin formed contemporaneously 
with the cstuarine and marine deposits farther south. 

The southeastern portion of Vancouver Island from Albert 
Head westerly to Sambrio River is composed of Eocene basalts 
and basaltic tuffs. Interbedded with the tuffs are shales con- 
taining typical marine fossil invertebrates. 

LITHOLOGY. 

The Eocene sedimentary rocks consist of medium to coarse 
grained sandstones, thinly bedded and massive shales, alternat- 
ing thinly bedded shales and sandstones, sandy shales, shaly 
sandstones, carbonaceous shales and coal seams. The coarse 
grained sandstones are often arkosic in composition and show 
no well defined bedding planes. Occasionally they exhibit cross 
bedding and contain fragments of carbonized wood. When ex- 
amined microscopically they are found to be composed of small 
rounded grains of quartz together with angular and rounded 
grains of badly altered feldspar and fragments of biotitc and 
hornblende. The cementing material consists of silica and iron 
oxide. The sandstones when fresh possess a gray color but 
where exposed to weathering range from brownish gray to 
brownish yellow. 

The shales range from a fine grained fissile condition to a 
thinly bedded and laminated condition. Otiier varieties are mas- 
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Mvc and show no indications of stratificRtion. They brcnk with 
a distinct conchoidal fracture. Still other varieties arc car- 
bonaceous and grade from that condition to an impure ahaly 
lif^ite. Verj' coinnionly the shales arc sandy and pass to a con- 
dition where they would he classed as a shaly sandstone. The 
shales range in color from a light gray to a dark chocolate. 
Certain of the shales upon microscopic examination are found 
to be composed of fine volcanic protlucts. Some of the coarser 
-sandstones arc composed of reworked volcanic tuffs. 

Commonly the lavas are composed of flow breccias intermixed 
with coarse pumice and ash. These have been subjected to the 
action of running water at the time of deposition. Extending 
upward from the contact, the sorting action of water becomes 
more pronounced. Illustrations of this phase of deposit may be 
seen in the small rock outliers south of Seattle at DuwamiNh 
Station. They were probably formed during an epoch of vol- 
canic activity in close proximity to a region where streams were 
emptying into a marine embayment as marine fossils are often 
associated with deposits only a short distance away. 

The thickness of these several phases varies from place to 
place. Sandstone belts exist having a thickness of nearly 1,- 
000 feet. There are numerous belts ranging in thickness from 
85 to 800 feet. These belts vary in thickness as well as Htho- 
logic composition when traced along their strike. Extensive 
belts composed of alternating layers of shale and sandstone of 
varying thickness are very characteristic and make up a con- 
siderable portion of the upper Eocene deposits. 

Andesitic lavas and tuffs in certain areas constitute a large 
part of the Eocene of western Washington. Exposures may be 
seen along Columbia River, Cowlitz River, in the Puget Sound 
Basin and along the north flanks of the Olympic Mountains. 
In nearly all Instances they are interbedded with the marine or 
estuarine sediments. In many places they might be mistaken for 
flows of Pliocene or Pleistocene age but arcal mapping tends to 
show that marine Eocene strata lie either above them or inter- 
bedded with them. The shales below them are commonly baked 
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near the contact. Occasionally the sedimentary rocks above and 
below certain flows show the action of heat. Such belts of andes- 
ite were presumably intruded in the form of sills contemporane- 
ously with the andesitic extrusions. Instances of this condition 
may be seen in the rock hill outliers at Duwamish Station south 
of Seattle as well as in the rock exposures in Cowlitz County. 

The volcanic materials range in mineralogical composition 
from basic andesites to acidic basalts. They grade in texture 
from dense glassy lavas to coarse grained granular types and 
from fine grained volcanic ash to coarse ejectamenta. These 
several types are often intricately mixed. In certain localities 
as along Columbia River individual flows may be seen resting 
upon one another. Between the different flows there are oc- 
casionally deposits of light colored or yellow clay ranging from 
a few inches to a foot or more in thickness. Carbonaceous ma- 
terial is often included within the clay indicating the probable 
existence of vegetation during the intervals between the out- 
pouring of lava. Commonly deposits of light colored volcanic 
tuff of considerable thickness are intercalated with the lava 
flows. 

It very often happens that thick layers of tuff breccia have 
thin tongues of glassy lava intercalated. During the accumula- 
tion of the series quantities of ash and boulders were in contact 
with liquid lava and were in part mixed and carried along with 
it. In certain areas these deposits were forming on tidal flats 
or estuarine basins and much of the finer material was sorted 
and partially stratified. Marine fossils are occasionally found 
within these partially baked shales and tuffs. 

Within the lower Cowlitz Valley and in King and Pierce 
counties narrow andesitic dikes and sills are of common occur- 
rence. They range in thickness from a few inches to over fifty 
feet. In several places as at Coal Creek in Cowlitz County thev 
are clearly feeders for the interbedded andcsite flows. 

Thin sections of all these various phases were examined 
microscopically. Partial chennVal analyses as well as mineral 
analyses place them in the rock classification at the boundary 



The Tertiary Formations of Western Washington 91 



between andesitcs and basalts. A number of specimens were 
without question typical basic andesitcs, while other samples 
proved to be basalts. 

THICKNESS. 

Presumably largo amoimts of the total sediments deposited 
during the upper Eocene have been removed by erosion. The Eo- 
cene strata have been folded and in part covered so that at no lo- 
cality can the entire thickness be observed. In King County de- 
tailed stratigraphic surveys have been made along Green River. 
The base of the formation was not found at any point. From a 
series of careful measurements made in the canyon of Green 
River the Eocene deposits exposed were estimated to have an ap- 
proximate thickness of 8,000 feet. In the vicinity of New Castle 
and Issaquah the Eocene sedimentary rocks have a thickness of 
2,000 feet and rest upon andesitcs which are also of probable 
Eocene age. They are overlain by marine Oligocene sediments. 
In Pierce County in the region of Carbon River and south- 
ward the Eocene strata attain a thickness of 14,000 feet. Here 
the base of the formation is also unknown. In Thurston County 
Eocene rock outcrops occur as isolated exposures. In the region 
between Tenino and Centralia interbcddod sediments and lavas 
are dipping to the south at low angles and possess an estimated 
thickness of at least 2,000 feet. 

In northern Cowlitz and southern Lewis counties sedimentary 
and igneous rocks of Eocene age occur at intervals from the 
town of Winlock in the north to Castle Rock in the south. The 
lowermost beds are exposed near the town of Castle Rock. Suc- 
cessively higher strata arc encountered to the north and the 
uppermost beds arc exposed near Winlock. Approximately 
8,000 feet of strata are involved in this section. 

In northern Clallam County in the vicinity of Port Crescent 
Eocene lavas and shales possess a total thickness of about -I,- 
000 feet. In the central and eastern Cascade Mountains the 
Swauk, Teanaway and Roslyn formations, all of Eocene ago, 
have a total mnsimum thickness of 12,000 feet. 
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STRATIGRAPHY. 

The details of the stratigraphy are given in the descrip- 
tions of each area. The most complete sections have been 
measured in portions of King, Pierce and Lewis counties. In 
the other areas the exposures are so scattered that only frag- 
mentary sections can be made. The type marine section for 
western Washington is the one just described as occurring be- 
tween Winlock and Castle Rock. The following lithologic sub- 
divisions are recorded: 

Top of Section Ftrt 

Massive clay sfaale, grading in places into sandy shale, as exposed along the 
banks of Olequa Creek south of Winlock and also in the banks of Cowlitz 
River in Section 5, Township 11 North, Range 2 West, at locality 239. 

These strata constitute the' basal member of the Oilgocene 600 

Chiefly sandy shale grading into massive clay shale of a dark brownish gray 
color. Exposures of this member are not very abundant but contain oc- 
casional specimens of Venericardia planicosta and TurritcUa uvasana. This 

Is the uppermost marine Eocene as yet recognized within the state 9G0 

Shaly sandstone 100 

Slightly banded sandy shale 130 

Slightly carbonaceous sandy shale 50 

Sandy shale 430 

Laminated sandstone and sandy shale 150 

Shale slightly sandy. The upper portion of this member contains an abundant 

marine Tejon fauna 340 

Massive clay shale. The equivalent of the shales occurring in the bank of 

Cowlitz River in Section 25, Township 11 North. Range 2 West 50 

Sandy clay shale. Rase of upper marine division TO 

Yellowish brown sandstone with Interbedded llgnitlc layers. These sand- 
stones often grade into carbonaceous sandy layers. The fauna occurring 

within these strata are entirely of brackish water origin 520 

Fresh water beds. Light gray massive clay shales, containing numerous 
fresh water Eocene invertebrate fossils. Fossil localities 295 and 303 oc- 
cur in these beds 130 

Brackish water beds. Sandy shales and shaly sandstones grading into brown- 
ish yellow coarse grained sandstone all of which Is more or less carbonace- 
ous. Faunas at localities 231, 234 and 300 occur In these beds 550 

Marine beds. Sandy clay shales grading Into shaly sandstones. Faunas at 
localities 240. 240b, 299, 241. 238. 236, 298, 294 and 294a occur In these 
strata. The basal portion of this belt grades Into beds of brackish water 
origin. Below this zone no detailed measurements have been made. The 
underlying strata are those involved In the area between Castle Rock and 
Olequa. Just below, andesitc and tuffs are Intercalated with the sedi- 
mentaries S90 

Total thickness of measured Eocene strata 4470 

Possible thickness of unmeasured strata Involved In area between (^astle 
Rock and Olequa 600() 

Possible total thickness of Eocene as exposed In the lower Cowlitz Valley. .10.470 

The above section is involved in a continuous northeasterly 
pitching monocline. The lower portion of the section consists 
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of altcmtititig belts of lava, tuff, shale and sandstone. The up- 
per portion is entirely composed of sediments, liaving a thick- 
ness of nearly 4,000 feet as indicated above. The lower beds 
of the upper measured portion are of marine origin. Above 
these in sequence are brackish water strata, fresh water, brack- 
ish water and finally marine at the top. Resting upon the up- 
permost Eocene beds arc sandy shales containing a fauna of 
lower Oligoccne age. The contact relations suggest an un- 
conformity. 

FAUNA. 

A total of 130 species of invertebrate fossils are known 
to occur within the upper Eocene strata of western Washing- 
ton. Of these 52 are Pelecypods and 77 are Gasteropods. 
In addition there are two species belonging to the Scaphapoda 
and two species to the Cephalopoda. The following table in- 
cludes a list of the upper Eocene fauna of the state as known 
up to the present time as well as the localities at wliich the dif- 
ferent species occur. 
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EOCENE. 



LIST OP SPECIES 


1 

• 


2 


3 


4 


5 


6 


7 


8 


11 


17 


17 


18 


PELECYPODA 
1 Avicula Dellucida Gabb 


1 


2 Barbatia morsel Gabb 








• 
• 
• 














3 Oardium brewerl Gubb 


* 
• 








• 


• 
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4 Oardium cooDerl Gabb 














5 Oardium oleauatiensls Weaver 




















6 Oorbula homii Gabb 


• 
• 






















7 Oorbula d. sd 






















8 OrasBatellltefi washlnirtonensis Weaver 
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• 
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9 Crassatellltes crrandto Gabb 


• 




















10 Orassatellltes merriami Weaver 
















•**i — ' — ■ 


11 OraflsatelliteB daUi Weaver 


















...... 




12 Crassatellltes cowlitzenste Weaver 






















18 Crassatellites comoacta Gabb 


• 








• 














14 Cyrena brevldeofl White 


• 


• 










• 




...1 • 


15 Corbicula cowUtzensIs Weaver 












• 
• 


1 

1 


16 Corbicula euf aulaeruils Weaver 
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17 Dlplodonta polita (Gabb) 


• 




















18 Glycfmerls sarittata (Gabb) 












• 








...1... 


19 Glycimerlfl eocenica (Weaver) 






















20 Glydmeris eocenica var landesi (Weaver) . . . 






















1 * ' 
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21 Leda vadereoslfl Dlckerson 


• 
• 
• 
• 
• 
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. ..|.. . 


22 Leda cabbi Coarad 




• 








• 










23 Leda sp 
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24 Meretrlx homll (iabb 








• 




• 










25 Meretrlx uvasana Conrad 


















36 Meretrlx ovalte Gabb 








• 


• 












27 Meretrlx oleauahensis Weaver 




















28 Meretrlx lonira? Gabb 


























29 Marda auadrata (Gabb) 


• 
• 
• 
• 
• 
» 
• 
• 








• 
• 




• 
• 












30 Marcia conradana (Gabb) 


















31 Macrocalllsta andersonl Dickerson 


















32 Macrocalllsta vaderensls Dickerson 
























83 Modiolus ornatus Gabb. 








* 
• 




• 
• 












34 Gstrea Idrlaensis Gabb 










... 


* 


• 
• 




35 Gstrea oleauahensls Weaver 




36 Ostrea fettkei Weaver 






















37 Recten cowlitzensls Weaver 




















38 Pecten landesi Arnold 


























30 Placunanomla Inornata Gabb 














• 












40 Psammobia hornil (Gabb) 


• 
• 
« 












■ 






41 Semele diaboll Dickerson 
























42 Solen narallelus Gabb 








* 




• 
• 






♦ 




48 ScDtlfer dichotomus €)iibb 






44 Thracia dlllerl Dall 


• 
• 






















45 Tellina sutterensis Dickerson 


















46 Tellina lonea Gabb 










... 














47 Tellina hornil Gabb 










• 
















48 Tellina ooldcs? Gabb 
























49 Tellina cowlitzenfiis Weaver 


























50 Teredo SD 


• 
« 
• 

• 
























51 I'nio transuaciflca Am & Hann 






















52 Venerlcardla planiccsta Gabb 




• 




* 


• 


• 












GASTEROPODA 
53 AmauroDsis alveata Conrad 












54 AnclUarla bretzll Weaver 


« 
























55 Ambloxiis oleounhensis Am & Hann 
























56 Amphissa eocenica (Weaver) 


• 

* 
* 
• 
• 
• 
• 
• 
























57 Amnhissn nackardi (Weaver^ 
























.■jB Bursa waAhlnsrtoniana (Weaver) 


• 






















59 Bursa cowlltzenrfs (Weaver) 






















60 Brachysphinirus clarkl Weaver 










« 














61 Calvntraea excentrlcus Gabb 






















<e ('rei)ldula nllea Gabb 
























(53 Oyllchna costata Gabb 
























64 (^ancellarla stantoni Dickerson 














1 








65 Convm hornil Gabb 


• 








« 
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EOCENE — Continued. 



LIST OP SPECIES 


« 
« 
• 
• 
• 
« 


2 


S 


4 


5 


6 


7 


8 


" 


17 


17 


18 


66 Coniis reniondl Gabb 


' ' 




67 Conus wea verl DIckerson 














1 




... 


68 Coniu cowlitzensls Dfckerson 








• • " 1 " ■ • 




i 






60 Cantharufi oerrini DIckerson 












1 






70 l>rillia omata Dfckerson 














1 




71 Exilia dickereoni (Weaver) 














t 




72 Exllia lincolnesis Weaver 






- 














7S Exilia perkinsiana (Cooper) 


« 
• 
• 
« 
• 
* 
• 
















■ 


74 PIcuR inamillatus Gabb 








« 




• 








75 Faselolaria buwaldana Dickerson 








, 






76 Fasclolaria washinirtoniana Weaver 








• 


# 


* 








77 Fusinus lewlsensis (Weaver) 








...1 






78 Fusious washlnfftonlana (Weaver) 














1 


• 1 . . . 


79 Fusinus wUlfasI Dickerson 














, 








80 FieoDfils remondi Gabb 








« 
• 
• 


> • ■ 

• • • 

• 


« 


1 • 








81 PicoDfiis cowlitzensis (Weaver) 


• 
• 
• 
• 
« 
• 
« 








1 






• 


82 Galeodea tuberculata (Gabb) 








• 


... 1 - - - 








83 Hemifusus tej onensls Weaver 


















84 Hemifusus sopenahensis Weaver 












« 










85 Hemifusus lewisensis Weaver 














1 
1 






86 Hemifusus washinirtoneDsis Weaver 




















87 Lunatia cowlitzensis Dickerson 
















1 






88 Lunatia nuciformis Gabb 












• 












80 Lunatia bornll Gabb 


• 
» 
• 
• 

« 

• 
• 
• 
• 
• 
• 
• 
• 








. . .| — 










IX) Mitra wasfaIng:tonIana Weaver 








.. .1- -- 














91 Murex sopenahensis Weaver 








• 










- _ 






92 Murex cowlitzensis Weaver 




, . , 1 




1 

1. . .1 


1 


98 Murex Packard! Dickerson 














... 1 - - - 








94 Melanla packardi Dickerson 
























95 Melanla fettkel (Weaver) 


• 
« 






















96 Melanla lewislana (Weaver) 






















97 Melanla vaderensls Dickerson 






















96 Monodonta wattsi Dickerson 














_ 










90 Neverlta secta Gabb 
























100 Neverlta' martini Dickerson 
























Id Nerverita weaverl DIcker8<Mi 
























102 Xerita cowlitzensis Dickerson 
























108 Natlcina obllaua Gabb 
























104 Nyctllochus washlnetonlana (Weaver) 


• 
























106 Niso pollto Gabb 


• 
























100 Olivella mathewsonl Grabb 
























107 Olivella sp 




• 






















108 Pachynllus drakei Arn & Hann 






















100 Piseudollvla volutaeformis Gabb 


• 
• 
« 
























110 PseudoUvIa inornata Dickerson 
























Ill Amelia elonsata Weaver 
























112 RImella eloneata (Weaver) 


• 








• 
• 
















113 Surcula washlnetoniana (Weaver) 
























114 Surcula cowlitzensis Weaver 


• 






















115 SIphonalla bicarinata Dickerson 


« 
• 
























116 Turrls monollfera CJooper 








« 
















117 Turrls pulchra Dickerson 


« 
• 






















118 Turrltella uvasana Conrad 




« 




• 


• 


• 




• 








119 Turrltella bp 


• 








120 Turrltella sp 


* 
• 
























121 Triforis washlngtonlana Dickerson 
























122 Urosalpinx hannlball Dickerson 














* * * 










123 VIpiparus washlngtonlana Arn & Hann 
























124 Dentallum stramlneimi Gtabb 


* 

« 
« 
• 








• 


tt 


• 












125 Cadulus pusIUus (Gabb) 


















126 Nautilus sp 
























127 Aturia mathewsonl Gabb 
























128 Rhjmchonella washlngtonlana Weaver 
























120 Brachyurlan remains 


* 
« 














■ . a 










130 Fish teeth 




• • • 




■ • • 
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EOCENE— Continued. 



1 

•2 



5 


7 



22 
23 
24 
25 
26 



41 
42 



LIST OF SPECIES 



PKLEOYPODA 



Avicula pellucfda Gabb 

BarbatJa morsel Gabb 

3 Cardlum brewer! Gabb 

4 Oardlum cooperl Gabb 

Oardlum olequahensls Weavor 

Corbula bornfl Gabb 

Oorbula n. ap 

8 CrasBatellites washfngtoneiisis Weavtf.^., 

9 Crassatellites ^randls Gabb \. 

10 Crassatellltes merriami Weavor , 

11 Craflsatollites dalli Weaver ; , 

12 Graseatellftes cowlltzeDsIs Weaver 

19 Gra8satellIt«B compacta Gabb , 

14 Cyrena brevidens White 

15 Oorbfcula cowlltzensis Weaver 

16 Gorblcula eiif aulaensis Weaver 

IT DiplodoDta pollta (Gabb) 

18 Glyclmeris saerittata (Gabb) 

19 Glydmcrls eo«eiiica (Weaver) , 

20 Glyelmerte eocenfea var landesi (Weaver), 

21 I^da \ aderensLs Df ckerson , 

I>cda gabbi Conrad , 

Leda sp 

Meretrlx homfl Gabb , 

Meretrix uvasana Conrad 

Meretrix ovalls Gabb , 

27 Meretrix oleqiiahemais Weaver , 

28 Meretrix longa? Gabb 

29 Marcia quadrata (Gabb) 

30 Marcia conradana (Gabb) , 

31 Macrocalllsta andersoni Dickerson 

32 Macrocalllsta vaderensls Dickerson , 

33 Modiolus ornatus Gabb , 

34 Ostrea idriaensis Gabb 

35 Cstrea olequahensls Weaver 

m OBtrea fottkel Weaver 

37 Piecten cowlltzensis Weaver 

38 Pectcn landesi Arnold 

39 Placunanomia inornata Gabb 

40 Psammobla hornli (Gabb) 

Semele diaboll Dickerson , 

Solen parallelus Gabb , 

43 Septlfer dichotomus Gabb 

44 Thracia dllleri Dall 

45 Telllna sutterensis Dickerson 

46 Tellina longa Gabb 

47 Tellina hornii Gabb 

48 Tellina ooldes? Gabb 

40 l>}lllna cowlltzensis Weaver 

50 Teredo sp 

51 Unio transpaeifiea Am & Hann 

52 Venericardia planicosta Gabb 



249 



275 



275 



GASTEROPODA 

53 Amauropsis alveata Conrad 

54 AnciUaria bretzii Weaver 

55 Ambloxus olequahensls Arn & Hann. 

56 Amphlssa eownica (Weaver) , 

57 Amphissa packardi (Weaver) 

58 Bursa wasWngtoniana (Weaver) 

59 Bursa cowlItzeiiHls (Weaver) 

00 Brachysphingus clarki Weaver 

61 Calyptraea exeentrlcus Gabb 

62 Crepldula pilea Gabb 

63 Cylichna costata Gabb 

64 Oanoellaria stantoni Dickerson 

05 Conus hornii Gabb 



276 



277 278 



279 281 282 283 
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EOCENE — CosTiM 



LIST OF SPECIES U9 


^75^5 


m'-T,r^r 


.J8i™ 
















































































:;:::::::: 


































































alWl n''iSto™'taV™bb"'°" '■■ 


I-:- 






nalJs horntl (Jabb 


[...;.. 


















































































rllo c-oKlllwii'lB nekenuiii . 




.L. .!...;... 
































































































































































i i 





100 BuUetin No, IS, Washington Geological Survey 



Marine invertebrate Tejon fossils are confined entirely to 
the western part of the state. None occur in the Swauk or 
Roslyn formations of the central Cascades. Fossil plant re- 
mains occur both in the fresh water and estuarine deposits. In 
many cases the plant bearing estuarine beds are interbedded 
with the marine strata. Such evidence indicates that the fossil 
plants of the western portion of the state are of the same age 
as the marine invertebrates, namely upper Eocene. Insufficient 
work has been done on the fossil flora of the lacustrine beds of 
the Cascades to show their relations to the fossil flora west of 
the Cascades. 

Near Duwamish Station, south of Seattle, marine beds con- 
taining marine invertebrate fossils occur associated with the 
lignite bearing strata which are the equivalent of the coal bear- 
ing strata of New Castle and Renton. Presumably the es- 
tuarine beds of King and Pierce counties are of Tejon or up- 
per Eocene age. 

The upper Eocene marine faunas of western Washington 
show close similarities at all localities. Marine and estaurine 
strata are interbedded but the former occur near the base as 
well as at the top of the series. At the present time there 
seems to be no sufficient evidence to warrant subdividing the 
Tejon into formations. Several faunal zones may ultimately be 
recognized. In the type section between Olequa and Winlock 
the marine faunas have their closest relationship to the Siphon- 
alia suterensis Zone of the Tejon of California.* 

The fossil flora varies somewhat at diflFerent localities but 
the stratigraphic relations in those localities where collections 
have been made are not in all cases known. A large number of 
the species are new and undescribed and their range unknown. 

CONDITIONS OF DEPOSITION. 

The bathymetric conditions under which the upper Eocene 
deposits of western Washington accumulated ranged from very 
shallow depths in the estuarine basins to possibly a maximum 

• Dlckerson, Roy E., Fauna of the Eocene at Marysvlllo Buttos. California. 
ITnlv. Calif. Piibl. Bull. Dopt. Gcol. vol. 7. pp. 2r)7-2JJ8. p. i;j. .11-14. Iftl.'l. 



The Tertiary Format ians of Western Washington 101 



depth of 100 fathoms. Corals are unknown as fossils in these 
deposits. Glauconite which is common in portions of the Eocene 
of California has not been recognized in the Eocene of Wash- 
ington. The majority of the genera belonging to the Pelecypoda 
and Gasteropoda are forms whose environment is in the littoral 
or siiblittoral zones. Differential subsidence and elevation char- 
acterized the sea floor during the Tejon epoch. In those por- 
tions of King, Pierce and Lewis counties where estuarine condi- 
tions prevailed oscillations of the embayment floors must have 
been frequent. Over 100 coal or carbonaceous seams are in- 
terstratified with sandstone and shale members and each repre- 
sents an interval of time during which vegetation flourished 
under possible swampy conditions. The sandstones or shales 
above each seam are water laid and indicate subsidence and a 
burial of the former swamp areas. Wherever the strata con- 
tain marine fossils there is evidence that the subsidence has been 
sufficiently great to cause the marine waters to transgress over 
former estuaries. 

The arkosic character of many of the massive sandstone 
members in King and Pierce counties indicates nearby land 
areas composed largely of granitic or dioritic rocks which were 
being vigorously subjected to erosion. Presumably portions of 
the Index, Mt. Stuart and Snoqualmie granodiorites were in 
part supplying this material. ^Many of the clay shales show 
ripple marks indicating the presence of extensive tidal flats 
presumably situated near the shores of the estuaries. The 
simultaneous outpouring of lavas and the deposition of vol- 
canic tuffs have already been referred to. 

CLIMATIC CONDITIONS. 

The climate of the Eocene in Washington as well as in (Cali- 
fornia and Oregon was tropical. The marine invertebrates be- 
long to genera which are found for the most part at the present 
time in the waters of the tropics. The fossil flora tells t3u> Sanjer 
story. Palms and other closely allied groups predpipmale." * In 
the upper beds of King and Pierce counties as w^U^^as 3n rthe; 



K 
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Olequa-Winlock region the flora indicates the presence of 
species of sycamores and birches. Apparently towards the close 
of the Tejon epoch the climate became somewhat cooler and cer- 
tain austral types of plants began to develop. This climatic 
change is evidenced in the flora rather than in the fauna. 

NEWCASTLE HILLS— GRAND RIDGE AREA. 
GEOGRAPIIIO DISTRIBUTION. 

The Newcastle Hills are the westerly extension of a spur 
from the Cascade Mountains, situated between Snoquahnie 
Valley on the north and Cedar River on the south. They 
range in elevation from 3,000 feet, south of Grand Ridge, to sea 
level at Lake Washington. Both Eocene and Miocene foniia- 
tions occur within them. The Eocene, consisting of both sedi- 
mentary and volcanic rocks, occupies an area about two miles 
in width near Lake Washington, but increases easterly in the 
vicinity of Grand Ridge to over four miles. This belt of out- 
crops trends approximately east and west. The western end 
swings slightly to the northwest and the eastern end to the 
northeast in the vicinity of Grand Ridge. 

CHARAC^TER OF OUTCROPS. 

To the north of, and fringing the belt of Eocene outcrops 
just described, are marine sediments of Oligocene age. To the 
north of these, for a distance of over fifteen miles, no outcrops 
of formations older than Pleistocene glacial drift deposits are 
known to appear at the surface at any locality. Bed rock un- 
doubtedly exists at various depths below the thick covering of 
glacial drift. Glacial drift of varying thickness mantles the 
Newcastle Hills, but in many places it has been removed by 
erosion exposing bold outcrops of bed rock such as Squak Moun- 
tain and Tiger Mountain immediately east of Issaquah Creek. 
The hills just north of May Creek are somewhat rugged and 
show the effects of glacial scouring. 



:.-•:•• * LITHOLOGY, 



... .Tlie Eocene formation in the Newcastle Hills is compo.sed 
x>f'sedimeiitary and igneous rocks, the former resting strati- 
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graphically above the latter. The sedimentary division is com- 
posed of coarse grained sandstones, shales, sandy shales, shaly 
sandstones, and carbonaceous seams. These several phases of 
the formation vary in thickness and are interbedded with one 
another. The sandstones are commonly coarse grained and ap- 
pear to be largely composed of materials derived in part from 
volcanic lavas and tuffs and in part from granite and gran- 
odiorite. Cross-bedding is generally very pronounced in this 
phase of the formation. Often small seams of a chocolate-brown 
colored very fine grained shale occur interbedded in the form 
of lenses within the sandstone. Near the upper and lower por- 
tions of the thicker beds of sandstone at the contaxjts with the 
shale bands there are commonly very thin layers of shale less 
than one inch in thickness interbedded with narrow seams of 
sandstone averaging less than one-half inch in thickness, giv- 
ing this type of rock a banded or laminated appearance. The 
sandstone masses are sometimes as much as one hundred and 
fifty feet in thickness. The shales are commonly massive with- 
out very distinct bedding planes. They break with a conchoidal 
fracture and occasionally possess considerable thickness. The 
sandy shales and shaly sandstones are generally harder and pos- 
sess well-defined bedding planes. Within these are often found 
remains of fossil leaves, especially in the vicinity of the car- 
bonaceous seams. 

In the Coal Creek mine hundreds of fossil trees occur stand- 
ing at right angles to the bedding planes of the coal seams and 
projecting upwards into the shales and sandstones above. Manv 
of these trees have a diameter of four or five feet. 

The strata outcropping along Coal Creek and in the under- 
ground workings of the Coal Creek mines are lithologically very 
similar to those on Tibbetts Creek in Section 32, and to those 
at Issaquah in Sections 26 and 83. Some minor variations, 
however, may be noted along the strike of individual beds or 
coal seams, as in the case of the Bagley coal seam in the Coal 
Creek mine. 
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The belt of igneous rock which underlies the sedimentary 
phase of the Eocene is composed of a series of lava flows with 
interbedded volcanic tuffs apparently derived from small fis- 
sures and vents in the immediate vicinity. None of this ma- 
tcrial, however, is found interbedded with the sedimentary por- 
tions of the formation above. The base of the sedimentary 
formation is composed of conglomerates made up of pebbles 
and boulders firmly cemented and derived directly from the 
various phases of this lava and tuff. A careful examination of 
the lava areas along the anticlinal belt shows the presence of 
much intrusive material of the same nature indicating that 
vents were continuously being opened through the earlier con- 
solidated portions of the flow, allowing fresh material to well 
out over the surface. Many of these flows show the effects of 
movement just prior to consolidation and contain irregular 
shaped angular blocks of hardened lava which they have car- 
ried along with them. The tuff beds contain various sized frag- 
ments of pumice which have been firmly indurated. Some phases 
of the lava are very porphyritic showing large crystals of feld- 
spar imbedded in a fine grained groundmass. Other phases 
possess a distinctly fine grained basaltic appearance; some in- 
dividual flows are completely honeycombed with steam cavities. 

CJEOLOUIC STIirCTrKE. 

The principal structural feature of the Newcastle-Issaquah 
area is a broad anticline trending along the direction of the 
Newcastle Hills. Between lakes Washington and Sammamish 
it trends North 45° West. In the vicinity of the town of Issa- 
quah and Squak Mountain it trends nearly east and west and 
then turns North 45° East in the vicinity of Grand Ridge. The 
north limb of the anticline between the Newcastle Hills and 
Grand Ridge develops into a broad syncline the axis of which 
trends nearly due north through Lake Sanmiamish. The west- 
ern extension of the anticline can be traced to the eastern shores 
of Lake Washington in the vicinity of Newcastle Ijanding. 
From Newcastle Landing it crosses Lake Washington and 
passes through the south central part of Mercer Island. This 
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island is almost entirely composed of glacial drift, but on its 
western side in Section 24, Township 24 North, Range 4 East, 
huge broken boulders of basic igneous rock outcrop at the 
water's edge, which may possibly be a part of the core of the 
anticline. Immediately west on the Bailey Peninsula and just 
south toward Brighton Beach well defined outcrops of Oligo- 
cene shales and sandstones outcrop. These strata have a north- 
east-southwest strike with a very steep dip to the north. They 
are a continuation of similar strata occurring in the Newcastle 
Hills just north of Coal Creek. This, together with further 
evidence in the Rainier and Duwamish valleys, show conclusive- 
ly that the anticline occurring in the Newcastle Hills crosses 
Lake Washington and then turns south toward Duwamish 
Station. 

Along the course of Coal Creek from its mouth to its head- 
waters, numerous outcrops occur upon which observations for 
strike and dip can be obtained. These show the strike to range 
from North 45° West to North 70° West, the latter prevailing 
near the headwaters of the creek at the town of Coal Creek. 
The dips range between 40° and 70°. The general average is 
lietween 45° and 50° to the northeast. Similar observations 
were taken farther to the northeast along logging and wagon 
road cuts in the overlying Oligocene- formations. From Coal 
Creek these same strata cross the mountain ridge and reappear 
on the north slope of Squak Mountain between Tibbetts and Is- 
saquah creeks. Excellent observations on strike and dip may 
be taken in the vicinity of the Superior Coal Mine on Tibbetts 
Creek in Section 32, Township 24 North, Range 6 East and 
also in Section 33, same township and range, in the vicinity of 
the Issaquah coal mine at the town of Issaquah. The strike in 
both of these localities is nearly east and west with an average 
dip of 40° to the north. In the vicinity of Grand Ridge in Sec- 
tion 26 the strike swings to the northeast. Numerous observa- 
tions were recorded both on the surface and in the underground 
workings of the Grand Ridge Mine. About two miles northeast 
of Grand Ridge in Section 13, Township 24 North, Range 6 
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East, several openings have been made in the bed rock strata 
along the courses of small creeks, exposing coal scams as well 
as sandstone and shale strata. The strike averages North 45^ 
East with a dip of 65° to the northwest. 

To the north and east of these outcrops the Eocene rocks 
are no longer exposed, but are covered with a very thick mantle 
of glacial drift. About four miles southeast of Section IS, in 
Section 28, Township 24 North, Range 7 East, outcrops of 
sandstone and shale are expo.sed in a railroad cut just west of 
the point where the Northern Pacific railway crosses Raging 
River. The strike of these beds is North 45^ West and the dip 
ranges between 55^ and 75^ to the northeast. Although there 
is no absolute certainty that these are a continuation of the ex- 
posures in Section 13, yet it is probable that they are such an 
extension and are a part of the north limb of the Newcastle 
Hills anticline. The main axis of the anticline has been indi- 
cated upon Map B, Plate IV, and consists of almost continuous 
outcrops of basaltic lavas and tuff lying stratigraphically be- 
low the Eocene sandstones and shales. 

From such evidence as can be obtained on May Creek along 
the south side of this anticline, the probabilities are very strong 
that the strata on the north slope formerly arched over the lava 
and dipping southward, extended under what is now Afay 
Creek Valley. The evidence pointing toward this conclusion 
may be found in Section 2, Township 28 North, Range 5 East, 
along the May Creek wagon road. Several exposures of sand- 
stone and shale appear on the north side of May Creek close to 
the wagon road and near the surface are dipping almost vertical 
with a strike of North 75*^ West which is approximately parallel 
to the anticlinal axis just described. At this point on May 
Creek, a seam of coal has been discovered and a shaft sunk upon 
it to a depth of 325 feet. At the foot of the shaft a crosscut 
nas been driven to the south for a distance of 450 feet. Along 
this crosscut several seams of coal were encountered as well 
as sandstone and shale strata which lithologically resemble 
very closely those in the Coal Creek and Newcastle mines on the 
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north side of the anticline. At the depth of the crosscut below 
the surface the strata are no longer pitching vertical, but as- 
sume a dip of 64° to the southwest. Outcrops of sandstone and 
shale on the south side of the anticline are only known in sec- 
tions 1 and 2. To the west, toward Lake Washington, the 
country is almost entirely covered with deposits of glacial drift 
and the only pre-glacial outcrops exposed at the surface are 
occasional masses of basaltic lava and tuff. To the east of sec- 
tions 1 and 2 no sedimentary rocks are exposed for a distance 
of six miles. Throughout this distance the south limit of the 
lavas which is indicated upon Map B, Plate IV, is in direct con- 
tact with very thick deposits of glacial drift. In Sections 12 
and 13^, Township 28 North, Range 6 East, numerous ex- 
posures of Eocene sandstones and shales containing coal may be 
seen along one of the branches of Issaquah Creek. This belt is 
about one-third mile in width and two miles in length. On both 
the northwest and southeast sides of this small belt are large 
areas of andesitic lava which should stratigraphically underlie 
the sediments. These sediments are presumably a remnant of 
those which at one time arched the anticline and have been drop- 
ped into their present position as a fault block. 

The vertical and even overturned position of the strata along 
May Creek strongly suggests a slightly overturned anticline 
and also a possible fault approximately parallel to the strike. 
Along the sedimentary igneous contact in a number of places 
as may be seen near the May Creek coal shaft there are slicken- 
sided walls on the lava. If such a fault exists it quite possibh' 
extends southeasterly into the Sherwood-Taylor region which 
will be described later. 

From May Creek southward to Cedar Oeek no outcrops of 
Eocene strata have been found to indicate the intervening 
structure. The northward pitching attitude of the strata at 
Renton and Cedar Mountain suggests a possible synclinal basin 
of Eocene strata trending parallel to and lying between Cedar 
River and May Creek. 
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STRATIGRAPHY. 

The following strati graphic section was measured from the 
base of the coal series on Coal Creek to the top of the productive 
coal measures. Unmeasured Eocene strata extend above this. 

Top of Section Feet 

MasKivo brownisli gray HandHtone and Intorhpddod Khalos :i(K)4 

Banded gray shale 25 

Massive brown sandstone 115 

Coal scam 8 

Massive brownish gray Handntone 7y\ 

Daric gray shale 5 

Banded shale 21 

Light gray coarse sandstone 10 

Thick bedded gray shale 28 

Coal seam 17 

Shale 9 

Coal 1 

Light gray sandstone 07 

Gray shale 6 

Gray sandstone 17 

Dark gray shale 4 

Massive brown sandstone 10 

Clay 3 

Massive brown sandstone 13 

Banded shale and sandstone 37 

Black shale 8 

Coal and shale bands 25 

Shale 3 

Massive brownish gray sandstone 38 

Dark gray shale 13 

Coal seam 6 

Sandy clay 9 

Banded sandstone 17 

Banded shale 36 

Coal 14 

Dark gray shale 8 

Coarse brownish gray sandstone 36 

Massive gray shale 14 

Coal 17 

Massive sandstone 4 

Sandy shale 23 

Sandstone 9 

Intert>edded sandstone and shale 8 

Coarse brownish gray sandstone 19 

Gray shale 30 

Coal seam 20 

Massive brownish gray sandstone 50 

Coal seam 6 

Massive brownish gray sandstone 9 

Shaly sandstone 13 

Massive brownish gray sandstone 126 

Coal seam 10 

Massive brownish gray coarse grained sandstone 30 

Base of Section 

Total 4055 
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GREEN RIVER AREA. 
GEOGRAPHIC DISTRIBITTION. 

The region involved in this area comprises nearly all of 
Township 21 North, Range 7 East, the eastern half of Town- 
ship 21 North, Range 6 East, the south half of Township 22 
North, Range 7 East and the southeastern quarter of Town- 
ship 22 North, Range 6 East. This territory is drained by 
Green River in the central portion, Cedar River on the north, 
and White River on the south. It extends easterly to the foot- 
hills of the Cascades and includes the low glacial hills of the 
east part of the Puget Sound Basin. In places the glacial 
covering has been in part removed by erosion and the underly- 
ing Eocene sandstones and shales exposed. The most extensive 
outrops are along the canyon of Green River and in the smaller 
streams emptying into it. Tiger Mountain at Bayne and Sugar 
Loaf Mountain near Durham are bedrock hills of sandstone 
surrounded by deposits of drift. At the eastern margin of the 
region the Eocene sedimentaries pass beneath the Miocene and 
Pliocene lavas and tuffs. The contact roughly follows the 
western escarpment of the foothills of the Cascade Mountains. 

LITHOLOGY. 

The Eocene formation exposed within this area is almost 
exclusively of sedimentary origin. Minor amounts of igneous 
material occur in the form of dikes and sills which are probably 
post-Eocene in origin. They may have been feeders to the 
Enumclaw lavas which undoubtedly at a former time covered 
this area. 

The sedimentaries consist of sandstones and shales of vary- 
ing characteristics. The sandstones are usually massive and 
thick bedded with a brownish gray color when fresh. Often they 
exhibit cross-bedding. Certain phases are very coarse grained 
and arkosic. One of these beds, as exposed near Franklin in the 
canyon of Green River, is almost 600 feet in thickness and is 
persistent in Hthologic character throughout this area. This 
belt is medium grained and hard. When weathered it assumes a 
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light brown color and forms almost vertical canyon walls. These 
massive sandstones occasionally pass into shaly sandstones and 
from that condition into sandy shales. The shales range from 
a dark gray to a brown and from a massive condition to a dis- 
tinctly laminated phase. Narrow bands of all these types occur 
interbedded with one another. All phases may be seen in the 
exposures along Green River. 

Interbedded with this series of sediments are numerous coal 
scams and carbonaceous shale beds. They vary in thickness 
from a few inches to fifty feet. The character of the coal ranges 
from a bituminous to a low grade lignite. Within each seam 
there are variations in character from the base to the top. The 
different lithologic members of the formation including the car- 
bonaceous seams often change in composition when followed 
along the strike of the beds indicating different conditions on the 
sea bottom at the time of their deposition. 

The intrusive dikes and sills are narrow and usually inter- 
calated with the sedimentary beds. They range from a foot to 
80 feet in thickness. When fresh specimens can be obtained they 
are found to be very fine grained and composed of labradorite 
feldspar and augite. The minerals are always more or less 
altered and the phenocrysts are only slightly larger than the 
microlites of the ground mass. The rock would be classed as a 
basic andesite. 

Twelve of these dikes occur in the canyon of Green River be- 
tween Kummer and Palmer Junction. Six others are on Coal 
Creek south of Bayne. One of the largest dikes occurs in the 
western half of Sections 18 and 19, Township 21 North, Range 
7 East. It crosses the Columbia and Pugct Sound R. R. near 
the center of Section 18 and trends nearly due north for a dis- 
tance of one mile. It is overlain and underlain with Eocene 
shales and pitches with them to the west at an angle of 40°. 

STRATIGRAPHY. 

The excellent exposures of the Eocene formation in the can- 
yon of Green River afford opportunities for constructing strati- 
graphic sections of the series. In the underground workings of 
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the coal mines as well as at many localities both to the north and 
south of Green River partial sections may be measured which in 
many cases can be directly referred to their true position with- 
in the complete section as exposed along Green River. As a 
result of such field studies it is possible to subdivide the Green 
River Eocene into three lithologic units. The terms Bayne, 
Franklin and Kummer series have been applied. These sub- 
divisions can be recognized only locally and cannot be used for 
lithologic correlation purposes. For this reason it would seem 
best to regard them as members and not formations. Detailed 
surveys have been made in Green River canyon and the lithologic 
variations from the base to top of each member have been de- 
termined. 

The lowest division, or Bayne member, consists of a pre- 
dominating series of shales together with subordinate amounts 
of sandstone, shaly sandstone and carbonaceous beds. It has a 
thickness of over 3,000 feet as measured along the canyon of 
Green River from the center of Section 17 up the river to the 
east line of Section 8, Township 21 North, Range 7 East. The 
top of this member appears at the Franklin wagon bridge at the 
contact with the Franklin sandstone member. The following 
section was in part measured by the writer in connection with an 
investigation of the King County coal fields: 

STRATIGRAPmc SKCTIOX OF BAYNK M?1MHKR. 

Top of Section. Fitt 

nrownlsh gray sandstone. Honi<>wI)at banded i:i."i 

(Iray sandy shale 14 

Coal and carbonawous material :i."i 

(tray sandy «hale 19 

Oovorod 40 

Alternating beds of shale carbonaceoiiH shale and sandy .shale. 128 

Massive grayish brown sandstone Tt'l 

Interl)edded sandy shales and carbonaeeous seams .'JO 

Massive brownish gray coarse grained sandstone 4."i 

C'arl)onaceoiis seam 7 

CJray sandy shale 27 

Carbonaceous seam 

Alternating beds of sandy shale and carbonaceous seain^ 5."» 

Sandy shale 82 

Brownish gray banded sandstone 22 

Gray sandy shale Til 

Carbonaceous seam 34 

Sandy shale 24 
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Top of Section. F((t 

Masisivo brownish arny snntlrttoiic 11 

(tray bandod sandy Khalc •><) 

MasHlvo brownUh gray coni'so graim'd MundHtonc .1 

Shale and carbonaceous m>anis 'JCt 

Maswive brownitfh gi-ay Handstone 1() 

Interl»edded banded i^ray shale and carbonaceouK Miams SI 

MaKsIve grayish browm coarse grained nandHtone S.' 

Interbeddcd shaly sandnton'^ and carbonaceous sea:ns '2'2 

Massive brownish gray coarse grained sandstone 1124) 

Sandy shale and carbonaceous seams '2ii 

Coarse massive brownish gray sandstone 117 

Banded gray t»andy shale r»0 

Carbonaceous seam 4<) 

BandiMl sandy shale l«i 

Brownish gray coarm* grained sandstone 4U 

Interbedded sandy shale and cnrbonaceous scams UMJ 

Massiv.^ brownish gray coarse grained sandstone 1JM» 

Carbonace<ju8 seam and sandy shale oO 

Massive brownish gray sandstone 04 

Stratified sandy shale 44 

Massive brownish gray sandstone (tO 

Interbedded sandy shale and carbonaceous scams 4.". 

Massive brownish gra^' coarse grained sandstom* 12.'> 

Banded sandy shale and carbonaceous seams loT 

Banded gray sandstone H'.i 

Interbedded shale, sandy shales and coal s(*ams '240 

Massive brownish gray sandstones 5a 

< 'oai seam 

Brown gray banded sandstone 1»T 

Coal si»am .'» 

Massive gray sandstone 21 

BandtH] gray sandy shale 11 

Banded gray sandstone 20 

Interbedded gray shale and carbonaceous seams :»<» 

Brownish gray sandstone !.'» 

Carbonaceous seam .' 

Massive brownish gray sandstone '.Wt 

Slightly metamorphosed sandstone 21 

Andesite and baked sandstone 2<i 

Massive but somewhat baked sandstone 4.'! 

Base of Section 

Total aooo 

The Franklin member is composed of massive sandstones 
with interbedded shales and carbonaceous seams possessing a 
thickness of over thirty-six hundred feet. The basal portion 
of the series consists of a belt of massive coarse grained brown- 
ish gray sandstone having a thickness of 600 feet. It is typic- 
ally exposed at the Franklin bridge. The upper portion of the 
Franklin series contains the most important seams of coal mined 
in the district. The following stratigraphic measurements of 
this series have been made: 
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Stratigraphic Section of Franklin Member as measured 

on Green River, King County. Feet 

Bony coal 10 

Stratified sandy shale *-iO 

Slialy gray sandstone .*>iJ 

Inter-stratified shale and carbonaceous shale 1) 

Brown massive sandstone T 

(iray shale 8 

Hard shaly carbonaceous bed i> 

Nodular sandy shale i 

Interbedded shale and carbonaceous shale l\l 

Laminated sandstone 10 

Nodular gray shale 5 

Banded gray sandstone 22 

Banded gray sandy shale 13 

Banded gray shale 10 

Carbonaceous seam 10 

Carbonaceous shale 12 

Banded sandy shale 30 

Massive brownish gray sandstone 23 

Carbonaceous shale 15 

Massive sandstone 

Nodular gray shale 7 

Banded gray sandstone 30 

Light-brown medium-grained sandstone 150 

Massive brownish gray sandstone 205 

Covered 204 

Massive gray sandstone 58 

Intrusive sill of andesite 10 

Carbonaceous seam 13 

Banded nodular gray shale 6 

Interbedded carbonaceous seams and shale 24 

Banded gray sandy shale 15 

Brownish gray massive sandstone 23 

Banded gray sandy shale 12 

Carbonaceous seam and shale 17 

Massive brownish gray medium-grained sandstone 83 

Interbedded sandy and carbonaceous shale 25 

Massive brownish gray sandstone , 74 

Carbonaceous seam 2 

Massive brownish gray sandstone 3 

Gray shale 17 

Carbonaceous shale 6 

Banded gray shale 5 

Massive brownish gray sandstone 6 

Banded gray sandy shale 23 

Carbonaceous shale 6 

Massive brownish gray sandstone 13 

Banded gray sandy shale 45 

Brownish gray massive sandstone 92 

Banded brownish gray sandstone 12 

Banded gray shale n 

Intrusive sill of andesite 10 

Covered 35 

Massive brownish gray sandstone 24 

Banded brownish gray sandstone 17 

Banded gray sandy shale 12 

Covered 37 



J 
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Ft tt 

Handt'd browniHh gray HandHtono 12 

^ CovtTpd 24 

' Banded brownlKh gray nandstono 20 

Banded gray Randy shale .'M) 

Covered 20 

Banded gray Kandstune 2<{ 

landed gray >»andy shale 7>H 

(»ray ftandy shale IK 

Banded gray sandstone *2H 

Banded sandy shale KJ 

<'oaI seam 11 

Interbedded layers of shale, sandy shale, carbon areoiis sennis 

and thfn bands of shaly sandstone 101 

Massive brownish gray sandstone 2(i 

Banded gray sandy shale 7 

Medium grained brownish gray sandstone 44 

Coal seam 7 

Banded nodular gray sandy shale .'S 

Carbonaceous bed :\H 

Gray shaly sandstone S 

Massive gray brownish sandstone 2.'i 

InterlM^dded sandy shale and shaly sandstone 7S> 

(iray banded sandy shale 7H 

Jntrusivi* sill of andesite 7 

Slightly metamorphos<>d shale .'52 

Intrusive sill of badly altered andesite 1 18 

Banded gray sandy shale ;{."> 

Banded brownish gray sandstone 24 

Banded sandy shale 10 

Banded brownish gray sandstone 1<» 

Massive brownish gray sandstone ;{7 

Banded gray sandy shale 2.'! 

Interbedded carbonaceous seam with sandy shales 7S 

Banded gray sandy shale 14 

Massive brownish gray sandstone 4({ 

Carbonaceous seam 10 

Banded gray sandy shale ;50 

Covered 22 

Carbonaceous seam .-, 

Banded gray sandy shale 2.'{ 

Covered 47 

Massive brownish gray sandstone 44 

Carl>onac(>ou8 seam <; 

Banded gray sandy shale ir» 

Banded brownish gray sandstone with interbedded layers of 

shaly sandstone 119 

Covered 1(J7 

Banded gray sandy shale 10 

Franklin sandstone light grayish brown color and medium 

grained '210 

Base 

Total ;{.V».s 

The uppermost division of the I^oceue sediinentaries as ex- 
posed in Green River canyon consists of a predominating series 
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of coarse grained light colored sandstones together with nu- 
merous intercalated strata of shale and carbonaceous beds. 
They possess a thickness of about 1800 feet and are described 
as the Kumraer member. At the base of this series there is a 
light colored massive sandstone having a thickness of 475 feet. 
The entire Kummer member is involved in a syncline with the 
basal sandstone of the western limb resting in the eastern half 
of Section 26, Township 21 North, Range 6 East. The fol- 
lowing stratigraphic section has been measured : 

Stratigraphlc Section of the Kummer Member. 

Top of Section Feet 

Banded sandstone 10 

Alternating beds of shale, sandy shale and carbonaceous seams 91 

Massive, brown, coarse grained sandstone 5-10 

Covered 35 

Coal 2 

Massive, brown, coarse grainiHl sandstone 30 

Dark gray shaly sandstone 12 

Massive, brown, medium grained sandstone 100 

Coal and carbonaceous shales 8 

Gray sandy shale 60 

(;ray shale 113 

Coal seam 2 

Massive brown gray coarse grained sandstone 165 

Coal seam 3 

Shale 30 

Coal seam 5 

Dark gray shale 55 

Coal seam 4 

Brownish gray sandstone 7 

Fire clay 5 

Coal seam 6 

Massive brownish gray coarse grained sandstone 475 

Base of Section 

Total 1758 

No strata of purely marine origin have been found in the 
Green River area. In the Bayne member, species of brackish 
water mollusca are occasionally found. They are in a bad 
state of preservation but belong mostly to the genus Corhicula. 
No subdivisions of the Green River Eocene can be formed on 
a basis of the brackish water molluscan fauna. The species 
occurring here are common in all the brackish water zones 
interbedded with the marine Tejon occurring farther to the 
southwest. Fossil plant remains are abundant at many locali- 
ties along Green River but there is insufficient knowledge con- 
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ceming the species to warrant using them for correlation pur- 
poses. 

GEOLOGIC STRI'CTURE. 

The geologic structure of this area is very complex. De- 
tailed traverses tied in by transit surveys were made along 
Green River from Section 28, Township 21 North, Range 6 
East to Section 13, Township 21 North, Range 7 East, a dis- 
tance of over seventeen miles. Stratigraphic sections were made 
throughout this entire traverse. All the variations in strike 
and dip were recorded in their exact position along this traverse 
line. This line and all observations tied into it have been platted 
and may be referred to in the report on the King County coal 
fields.* 

Observations on the strikes and dips have been taken at 
all points where outcrops were found to occur, either above or 
below ground. From the results of such data it has been pos- 
sible to determine the approximate structure which the Eocene 
sedimentary formations now assume. 

The broad general features of the structure consist of a 
series of nearly parallel anticlines and synclines pitching to the 
south. Their average trend is North 20° East. One broad 
syncline begins on the boundary line between Ranges 6 and 7, 
Township 21 North, in the vicinity of Sections 7 and 12. This 
syncline averages about two miles in width and at least six 
miles in length. At least six parallel anticlines and as many 
synclines lie on the east side. One anticline and one syncline 
He on the west. What the structure may be beyond, to the 
west, cannot be determined because of the absolute disappear- 
ance of the Eocene formations beneath a very thick covering 
of glacial drift. These anticlines and synclines in the vicinity 
of Cedar River, to the north, also disappear below a very thick 
covering of drift and only reappear in the vicinity of Taylor 
and Raging River. 



* A part of the work was undertaken by the writer during the season of 
1O09 and the details are to be found in the maps accompanying a report on the 
coal field of King County, Bulletin No. 3, Washington Geol. Survey 1912. 
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In addition to folding, the strata liave been cut by numer- 
ous faults, the most prominent of which trends in a sinuous 
manner nearly east and west and has dislocated the strata nearly 
at right angles to their strike. This fault appears to begin in 
Section 21 and to extend westerly through Sections 20 and 19 
of Township 21 North, Range 7 East, into Sections 24, 13, 14 
and 15 of the township immediately west. The dislocation along 
this fault plane has been definitely shown in the underground 
workings of the Franklin mine and in the dislocated positions 
of the big heavy massive Franklin sandstone adjacent to the 
fault plane. Numerous minor faults occur in this region. 

CONDITIOXR OF DEPOSITION. 

The Eocene sedimentaries of the Green River area as well 
as those in the Pierce County coal field are of shallow water 

ft' 

origin. The}' were deposited in an estuarine basin which dur- 
ing the progress of Eocene time was in a state of differential 
oscillation. The results of these diastrophic movements are to 
be observed in the alternating character of the sediments and 
in the numerous interbedded coal seams. Some of the lower 
grade seams attain a thickness as great as fifty feet. 



CEDAR MOUNTAIN AREA. 



GEOGRAPHIC DISTRIBUTION. 



This area is situated within Cedar River Valley in Sections 
29 and 30, Township 23 North, Range 6 East. The surround- 
ing country is very heavily covered with glacial drift. Three 
miles to the north, the basalts of the Newcastle anticline out- 
crop and five miles to the west the R<^nton coal measures ap- 
pear. Exposures of this formation are well developed in the 
banks of Cedar River in Section 29. In Section 30 the strata 
are well developed along the county road and in the hill just 
south. A number of coal seams occur interbedded with sand- 
stones and shales and these have been opened up by a series 
of underground tunnels. 
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STRATIGRAPHY. 

The Eocene formations in this region are composed ahnost 
entirely of sedimentary rocks, consisting of sandstones, shales 
and carbonaceous beds. The total thickness of the strata as 
measured upon the surface is over two thousand feet. The 
lower eight hundred feet of the section contain the coal seams. 
The upper half of the section is predominantly shaly. The sec- 
tion as a whole is lithologically somewhat similar to that ex- 
posed at Renton. The following stratigraphic section has been 
measured : 

stratigraphic section as moasurod at Cedar Mountnln alonf? county road. 
Top of Hectlon Feet 

Banded gray sbalefi 120 

Brown concretionary sliale 570 

Interbedded sliale and sandy shale 400 

Brown sandstone 8 

Interbedded sandstone and shale 30 

Banded sandstone and shale * 82 

Coal 12 

Light gray massive sandstone 45 

Covered 18 

Banded sandy shale 60 

Covered 62 

Banded brownish gray shale 28 

Brownish gray coarse grained sandstone 23 

Banded brownish gray shale 12 

Massive brownish gray sandstone 22 

Total 1492 

GEOLOGIC STRUCTURE. 

In Section 20, Township 23 North, Range 6 East, the strata 
have a strike of North 20° West and dip to the northeast. In 
this particular locality they may represent the southwest limb 
of a syncline whose axis lies somewhere southwest of May Creek 
and trends northwest to southeast. If so, the north limb of 
the syncline should reach the surface along the valley of May 
Creek. 

South from Section 20 at Cedar Mountain the strike swings 
and becomes more nearly north and south and in Section 30 
becomes North 45° East with a southeasterly dip. The strata 
of Cedar Mountain are possibly involved in the nose of a south- 
easterly pitching anticline, and are more or less dislocated by 
faulting. 
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RAGING RIVER AREA. 
GKOGRAPHIC DISTRIBUTION. 

Eocene deposits occurring within this area are confined al- 
most entirely to Township 23 North, Range 7 East and the 
north half of Township 22 North, Range 7 East. Raging 
River Valley heads in the southern part of Township 28 North, 
Range 7 East and extends nearly due north to the valley of 
Snoqualmie River. A few surface exposures of sandstones and 
shales occur but the greater part of the area is deeply covered 
with glacial sand and gravels. The rock outcrops are confined 
chiefly to the. small canyons along the valley slopes. The floor 
of the valley is entirely covered with drift. Elevations in this 
region range from 1,000 to 3,500 feet. The entire area is cov- 
ered with a dense growth of forest and underbrush. 

STRATIGRAPHY. 

Exposures of Eocene rocks occur as a rule in small discon- 
nected patches rendering it difficult to determine the relation 
of one outcrop to another. Sandstones and shales outcrop in 
the beds of the creeks west of Raging River between Preston 
and Kcrriston. Low grade coal and carbonaceous bands are 
interbedded with the sediments and several years ago were pros- 
pected. All of these materials have been invaded by dikes of 
andesite and rhyolite. Nearly all the coal seams are more or 
less disrupted and in places baked. Such exposures as occur 
along the divide between Raging River and Issaquah Oeck are 
composed of a brownish yellow badly altered igneous rock. Some 
of the fresher specimens upon examination are found to be a 
rhyolite intrusive. To the north of Taylor the dikes are ande- 
sitic in character. It is possible that these intrusives may be 
in part contemporaneous with the Eocene deposits but pre- 
sumably the greater proportion of such outcrops are a part of 
the igneous materials which were intruded in the near vicinity 
during the upper Miocene or lower Pliocene. The greater por- 
tion of the ridge between Raging and Snoqualmie valleys is 
composed of andesite and tufl^s belonging to the Enumclaw Vol- 
canic Series. These lavas cover extensive areas from the foot- 
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hills of the Cascades to the suniniit of the range. It is quite 
possible that these dikes are remnants of feeders to these late 
Miocene flows. 

The sandstones arc brownish graj^ in color, medium grained 
and in places cross bedded. The shales grade from a clayey 
condition to a banded sandy shale. They are best exposed in 
Sections 9, 16, 21 and 26. They also outcrop in Sections 32 
and 33 and continue into the township innnediatcly south where 
they are well developed in the vicinity of the Taylor coal mine 
in Sections 2, 4 and 5. Shales and sandstones with interbedded 
coal seams occur on the divide between Snoqualmie and Raging 
River valleys in Sections 1 and 12, Township 23 North, Range 
7 East. No very detailed stratigraphic sections can be meas- 
ured with the exception of those exposures occurring within the 
Taylor mine. In the main crosscut tunnel of the mine a cross- 
section of the strata is as follows : 

Top Fvft 

MaRsive coarHe gralnod sandstoni^ I>2 

Coal Mpam 10 

Hard gray clay shal« 2 

Masidve shaly sandHtone 0;{ 

Carbonaceous sandy shalo :j 

Hard massive sandy shale 27 

Coal seam 7 

Massive sandstone r» 

Coal seam namber seven ,"ir» 

Shale 

Massive coai*se grained sandstone 187 

Sandy shale :5 

Igneous dike 4i 

Carbonaceous seam 2 

Igneous dike 2 

Coal seam HI 

Shale 01 

Coal seam i;{ 

Shale containing brackish wafer fossils 2.T 

Coal seam 12 

Brown shale 8 

Hard massive sandstone S 

Banded sandy shale r»0 

Light colored plastic clay 10 

Dark gray shale Ci 

Coal seam, cut by igneous dike 11 

Light gray massive sandstone 14.'J 

Coal seam 30 

Dark gray shale in 

Coal seam 24 
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Top Feet 

Massive sandstone or» 

Dark gray shale 1 

Massive sandstone - 

(^oal seam 4 

Igneous dike 22 

Shaly sandstone 2.*J 

Coal seam 5> 

Massive dark gray sandy shale 10 

Banded sandy shale 

Masslvi? sandy shale o7 

Shale 11 

Sandy shale 12 

Carbonaceous seam 10 

Sandy shale 7 

Massive shaly sandstone 

Massive gray shale 2 

Thinly bedded shale 7 

Massive gray shale (I 

Thinly bedded shale 12 

Shale 1.' 

Massive sandy shale 17." 

Total 1414 

The sedimentary strata are of brackish water origin. No 
marine fossils are known. The most common species are Baiissa 
newherryi White, Cyrena hreindens White and Corhicula puget- 
ensis White. These species are characteristic of the estuariiie 
Eocene of western Washington but give no clue as to what par- 
ticular portion of the upper Eocene they represent. 

GEOLOG IC STR ['CTUUK. 



s 



The well defined anticline extending easterly from Lake 
Washington past Issaquah to Grand Ridge apparently flatten? 
out in the region between Issaquah and Taylor and develops 
into a complex series of small anticlines and synclines. This 
complex folding has been further complicated by much fault- 
ing and the strata have been badly dislocated as the result of 
numerous igneous intrusions. In Township 23 North, Range 
7 East, the strata have been so badly disrupted as to make it 
impossible to determine any well defined structure. The west- 
ern limb of an anticlinal axis appears to trend about North 
35° West through Sections 22, 16, 9, 8, 5 and 6. Numerous 
strikes and dips have been recorded ; many of them are at 
variance with one another, but the majority of those taken on 
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outcrops that appear to be least disturbed, possess a south- 
westerly dip averaging 35"^. To the west of the sedimentary 
outcrops just mentioned, the only pre-glacial formations ex- 
posed are a few scattered! outcrops of badly altered igneous 
rocks occurring in Sections 17, 18, 19 and 20. The areal dis- 
tribution of these has been indicated upon the accompanying 
map and while no definite statement can be made, yet the re- 
lations of the sedimentaries to the igneous suggest a fault 
trending North 15° West. If such a fault exists the sedi- 
menb) along the western slope of Raging River Valley have 
been dropped down to the northeast. The central portion of 
Raging River Valley contains no outcrops. It is deeply filled 
with deposits of glacial drift. In Sections 1 and 12 in the 
northeast corner of Township 23 North, Range 7 East, the 
Eocene sediments have a prevailing strike of North 35 West 
and a dip of 62^ to the southwest. They are isolated from 
any of the surrounding outcrops and may possibly represent 
the western limb of a second anticline lying parallel to, and 
to the northeast of, the one previously mentioned in Sections 
9, 16 and 22. If so, a broad synclinal trough must lie along 
the present position of Raging River or a little to the east of 
it. The strata as exposed in the underground mine workings 
in Sections 1 and 12 are badly dislocated as the result of fault- 
ing. 

In the southeastern corner of Township 23 North, Range 
7 East, a number of rock exposures outcrop in Section 26, 
about one-half mile west of Kerriston. These strata assume a 
nearly east-west strike with an average dip of about 46^ to 
the south. They are presumably a part of the southwestern 
flank of the anticline referred to as trending through Sections 
16, 21 and 22 on the west side of Raging River. 

In Sections 2, 3, 4, Township 22 North, Range 7 East in 
the vicinitj'^ of the Taylor mine the strata have been folded into 
a well defined syncline trending North 45° West and approxi- 
mately parallel to the other two anticlines just mentioned and 
b'ing to the southwest of them. The maximum width of this 
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syncHne is a little over one mile and it may be traced north- 
westerly into the northwest quarter of Section 33, Township 
23 North, Range 7 East. No pre-glacial outcrops have been 
found between this syncline and those exposures occurring in 
Section 26, Township 23 North, Range 7 East, just south of 
Kerriston. 

The strata at Kerriston have a southwest dip in connnon 
with those on the northeast flank of the syncline at Taylor. It 
is possible that the strata at Taylor are the basal portion of 
those occurring on the east side of the Taylor syncline. There 
is also a possibility that there may be an anticline trending 
northwest to southeast somewhere between Taylor and Kerris- 
ton along the divide between Rock C'reek and the head of Rag- 
ing River. There is no direct evidence to support either view. 

About three-quarters of a mile southwest of the Taylor 
syncline another anticline has been developed which trends 
North 45° West through the centers of Sections 4 and 10, 
Township 22 North, Range 7 East, into Sections 32 and 31 
of the township immediately north. The position of this anti- 
cline has been largely determined from strikes and dips occur- 
ring at isolated points along its course. 

In the discussion of the Newcastle-Issaquah anticline refer- 
ence has been made to sedimentary outcrops containing coal 
seams, lying along Guy Creek in Sections 12 and 13, Town- 
ship 23 North, Range 6 East. They may represent a block of 
Eocene sediments formerly resting upon the underlying basalts 
and which were dropped into their present position as a fault 
block between Tiger and Issaquah mountains. Observations 
taken on the strike and dip in Section 12, on Guy Creek, show 
an average strike of North 16° East and a dip of 45° to the 
northwest. Just south, in Section 13, the strike of these same 
strata appears to swing around to the northwest and assume 
a position almost due east and west. The dip is southwesterly 
and some minor faulting is indicated in places. In Section 12 
these strata rest unconformably upon igneous rocks. The con- 
tact is not an intrusive one but rather one of sedimentation. 
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About one and one-half uiilcs southwest of Preston a num- 
ber of small local outcrops of shale containing carbonaceous 
seams project through the glacial drift. They are badly 
broken and dislocated and no definite structure could be deter- 
mined. The prevailing strike is North 50"^ West and the dip 
very steep to the northeast. 

QUIMPER PENINSULA AREA. 
GKOGRAPIIIC DISTRIBT'TION. 

The Quimper Peninsula forms tlie extreme northeastern cor- 
ner of the Olympic Peninsula. The surface distribution of the 
Eocene deposits within this area is confined to two belts. One 
of these belts trends northwesterly from Hood Head and Olele 
Point to the south end of Discovery Bay and thence to Sequim 
Bay, The other belt lies to the southwest of Quilcene and 
extends along the western margin of Hood Canal to Mason 
County. Between these two belts and on the north side of the 
first belt, there are deposits of shale and sandstone of Oligo- 
cene age. Both the Eocene and Oligocene rocks are thickly 
covered with glacial drift. Such outcrops as occur are mostly 
along the shores of the Canal and its inlets. 

The Eocene rocks in this region consist largely of basic 
andesites and intercalated bands of tuff, a part of which have 
been deposited in water. Exposures of these rocks occur along 
the shore line most of the distance from Olele Point to Hood 
Head. The contact between the P^ocene and the overlying 
Oligocene sedimentaries appears in a low cliff immediately north 
of Olele Point. Shales rest directly upon basaltic andesites. 
Xo basal conglomerate is present at this locality and it is pos- 
sible that the contact may be a fault plane rather than one of 
de|>osition. The rocks at Olele Point are distinctly tuffaceous 
and noticeably stratified. One-half mile south of the Point there 
is a long narrow channel extending inland a distance of about 
one mile to the small Indian village of Mats Mats and along 
the .shores of this inlet the rocks may be studied in detail. To 
the .south of this locaKty and towards Hood Head, the igneous 
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materials become more dense and occur as lava flows. Hood 
Head is a rock outlier of andesite and the country to the west 
of it is composed of glacial drift. The contact as mapped be- 
tween Olele Point and Port Discovery Bay is only approximate 
since exposures of bedrock occur at only a very few localities. 
Andesite may be seen in contact with the overlying OHgocene 
conglomerates in a small creek near Anderson's Lake in Sec- 
tion 10, Township 29 North, Range 1 West. At this point 
the outcrops are at the falls and along the gorge of the creek 
just mentioned. Exposures of Eocene andesite occur in cliffs 
nearly 100 feet high along the east shore of Port Discovery 
Bay, between its head and Woodman Station. One-third mile 
north of Woodman Station Oligocene sandstones outcrop at the 
water's edge and dip at a very low angle to the north. Two 
miles south of Woodman Station conglomerates rest upon the 
igneous rocks. The contact on the north side of this belt of 
andesite may be traced from the western shore of Port Dis- 
covery Bay westerly to Sequim Bay. From the south end of 
Port Discovery Bay to the head of Dabop Bay at Quilcenc the 
only bed rock exposures are shales and sandstones of Oligocene 
age. A high hill lies to the southwest of Quilcene, the central 
portion of which is composed of basic andesite. High upon its 
slopes it is thickly mantled with glacial gravels and sands. 
Similar igneous rocks form the hills bordering Hood Canal 
from Quilcene soutliward to Dosewallips River. These andes- 
ites, although disconnected by surface deposits of drift and the 
waters of Hood Canal, are in rcalitv an extension of those in 
central Kitsap County. The contact between the igneous rocks 
and the Oligocene sedimentaries in the vicinity of Quilcene is 
very indefinite. Exposures of shale occur in the railway cuts 
two miles north of the town and exposures of andesite throe 
miles to the southwest. 

LITII()IiO(JY. 

The textural and mineralogical characters of the rock vary 
considerably in different localities. On the east shore of Port 
Discovery Bay, south of Woodman Station, the formation is in 
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part a flow breccia. Large sized blocks of vesicular rounded 
masses of andesite occur embedded in a jfine grained matrix of 
hardened tui?-.ajid lava exhibiting flow structure. Intercalated 
with this phase there are tongues of typical andesitic lava flows. 
A microscopic examination of the plagioclase crystals shows 
them to belong ta the basic labradorite variety. Augite and 
minor amounts of hornblende compose the dark minerals. A 
few sections reveinled the presence of a small amount of olivine. 
The surface cxposu^res of the rock are deeply weathered and 
fresh specimens are difficult to obtain. 

The tuffaceous phases are banded and often have thin 
layers of shale and clay interbedded. In the vicinity of Oleic 
Point bands of tuff averaging two or three feet in thickness are 
interbedded with lava flows of about the same thickness. Thev 
are stratified and occasionally contain marine Pjocene fossils. 

GEOIX)GIO STRrCTUHE. 

The main structural features involving the pre-glacial 
formations of the Quimper Peninsula consist of an anticline 
and syncline parallel to each other and trending southeast to 
northwest. The axis of the anticline lies along the area desig- 
nated upon Plate IV as Tejon lavas. The banded phases of 
the lavas near Olele Point have a prevailing strike of cast and 
west and a dip of 40° to the north. The overlying Oligocene 
sendimentaries exposed along the shores of Oak, Scow, Port 
Townsend and Port Discovery bays have an average east to 
west strike with a northerly dip ranging from 15° to 45^. An 
examination of the strikes and dips as platted upon the maps 
around the shores of Port Townsend and Scow bays indicates 
minor transverse folding of the strata on the north limb of the 
anticline. 

Between Port Discovery Bay and Quilcene, Kocene rocks do 
not outcrop at the surface. There are a few exposures of the 
overlying Oligocene sandstones and shales. These have been 
folded so as to form a synclinal trough which also presumably 
involves the underlying lavas. Observations on strike and dip 
at the south end of Port Discovery Bay indicate that the nose 
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of the synclinal trough is not far to the southwest. It presum- 
ably extends easterly into Kitsap County but this cannot be 
proved on account of the lack of surface exposures. The anti- 
cline referred to may extend westerly past the south end of 

Scquim Bay. 

PORT CRESCENT AREA. 

GEOGRAPHIC DISTiaRI'TION. 

The type occurrence of the Eocene in this area is along the 
cliffs in the vicinity of Crescent Bay and Observatory Point on 
the south side of the Strait of Juan de Fuca. The region for 
some distance south of the shore is heavily covered with deposits 
of glacial drift but judging from such outcrops of Eocene rocks 
as are available they probably occupy the entire area southward 
from the shore line to the east-west center line of Township 30, 
Ranges 7 and 8 West. The western limit of these outcrops has 
been designated upon the geological map as extending from 
Section 16, Township 30 North, Range 8 West in a north- 
westerly direction to a point on the shore line on the Strait 
about two miles west of Port Crescent. This contact has been 
approximately drawn. To the south, the Eocene rocks extend 
into the northern ridges of the Olympic Mountains. To the 
east they may be seen outcropping in the canyon of Elwha 
River and presumably they underlie the glacial drift still farther 
east as far as Dungeness River. 

The outcrops are conspicuous as bold rugged sea-cliffs 
ranging from ten to over one hundred feet in elevation and ex- 
tending along the Strait from a point two miles west of Port 
Crescent to a point one mile east of Observatory Point in Fresh- 
water Bay. Plate XIII. 

Immediately south from the shore line, the entire region is 
so thickly covered with drift that all of the bed rock formations 
are deeply buried. The first reappear in the cuts along the 
county road in Section 16, Township 30 North, Range 8 West 
on the north side of Lake Sutherland. Immediately west of this 
point strata composed of sandstones and shales outcrop which 
overlie the Eocene and are believed to be of Oligocene age. To 
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the south of the valley formed by Lake Sutherland and Lake 
Crescent the Eocene rocks extend 'into the foothills of the Olym- 
pics. About six miles east of Lake Sutherland they are well 
exposed in the canyon of Elwha River. From that point east- 
ward careful examination has not been made to determine their 
extent. About four miles south from Port Angeles they may be 
seen in Frazier Creek where they rest beneath the Oligoccne 
sandstones and shales. 

LITHOLOGY. 

The rocks entering into the Eocene formations in the Port 
Crescent area are composed for the most part of basic igneous 
lavas of a basaltic character. Sandstones and shales are oc- 
casionally interbedded. The basaltic rocks vary in character, 
ranging from dark, fine-grained, dense lavas to vesicular and 
fragmental material. In many places the vesicular cavities are 
filled with secondary radiating crystals of natrolite which often 
attain a size of two inches in diameter. In a number of in- 
stances the flow lines are well exhibited in the cliffs along the 
shore. Often these are abruptly cut by small intrusive bodies of 
basalt which have forced their way up from below through the 
already consolidated surface flows giving the rock a much con- 
torted appearance. 

The interbedded sedimentary materials and water-worn 
tuffaceous materials vary considerably^. The tuffaceous ma- 
terials are sometimes distinctly bedded and show evidences of 
marine deposition. Interbedded with these there are often small 
lenticular bands of sandstone and shale. Sometimes the tuffs 
consist of a consolidated mass of heterogeneous materials rang- 
ing in size from that of a pea up to irregular sized blocks sev- 
eral feet in diameter. Many of the sandstones, shales, and 
stratified tuffaceous layers contain marine molluscan remains. 
These are quite numerous along the shore cliffs about one-half 
mile cast of Tongue Point. 

STRATIGRAPHY. 

The contact between the Eocene formation and the overly- 
ing Oligocene sedimentaries occurs on the south shore of the 
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Strait of Juan de Fuca near the mouth of Whiskey Creek. 
From the mouth of this creek, Eocene rocks are exposed almost 
continuously easterly to Freshwater Bay. The upper portion 
of the Eocene section as exposed between the contact at Whiskey 
Creek and a point two miles east of Port Crescent consists of 
alternating marine sediments together with basaltic tufFs and 
flows all of which dip to the southwest. These rest upon basaltic 
flows of an unknown thickness. That portion of the Eocene for- 
mation in this region which can be measured is approximately 
4,000 feet thick. The top of the section occurs at Whiskey 
Creek and the base is situated two miles east of Port Crescent. 

Top of Section Feci 

Chiefly shale 380 

Sandstone and small amounts of interbedded shalo 200 

Black fine grained tuff 130 

Coarse grained massive sandstone and conglomerate 210 

MassiTc agglomerate 280 

Dark shale and thinly bedded sandstone 200 

Basalt 410 

Sandstone 700 

Basalt 800 

Basalt of unknown thickness 780 

Base of Section 

Total 4090 

FAUNA. 

In the tuffaceous shales just east of Crescent Bay and in 
the sandstone layers interbcdded with the tuffs at the cast end 
of the bay are marine Tejon fossils. The following fauna has 
been collected: 

Anomia subcostata Conrad 
Cardium breweri Gabb 
Modiolus omatus Gabb 
Venericardia planicosta Gabb 
Calyptraea excentrica Gabb 
Turrit eUa uvasana Conrad. 

The same fauna occurs in a similar tuffaceous material on 
the southeast coast of Vancouver Island at Albert Head. The 
fauna is typically Tejon and of the same age as faunas in 
Lewis and Cowlitz counties. 
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GKOLOGIC STRUCTURE. 

The structure of this area may be regarded as consisting of 
the northeast limb of a northwesterly pitching syncline. To 
the west of Port Crescent for a distance of twelve miles a tra- 
verse was run along the beach and careful observations made on 
the strike and dip at various points. These were tied in to the 
traverse line. The axis of this syncline intersects the shore line 
near Twin Post Office. Along the road from Port Crescent to 
Lake Crescent at a point about two miles north of Fair view 
Post Office outcrops of sandstones and shales are well defined. 
Observations made on the strike and dip in this vicinity indicate 
the presence of the southeastern extension of this same synclinal 
axis. Near the center of the north side of Lake Sutherland the 
Eocene basalts appear, apparently resting uncomformably be- 
low Oligocene sediments. This point is assumed to be approxi- 
mately the keel of the synclinal axis. The outcrop of the basaltic 
rocks cannot be traced on the surface northward to the coast 
line. The same contact, however, does occur on the coast-line 
about two miles west of Port Crescent and the overlying Oligo- 
cene sediments possess a northwest strike and southwest dip. 
The interbedded Eocene sandstones and shales have an average 
strike of North 70° West and an average dip of 30° to the south- 
west toward the axis of the syncline. This condition holds true 
as far east as Freshwater Bay. At one or two places in Crescent 
Bay, as may be seen upon the map, there are exceptions, but 
these may be explained as due to local faulting and slipping. 

A synclinal trough trends southeasterly from Freshwater 
Bay and crosses Frazier or Tumwater Creek about three miles 
south of Port Angeles. The axis of this syncline crosses Morse 
Creek in Section 29, Township 30 North, Range 5 West. 

In this portion of Washington during the Eocene eruptions 
of igneous materials were taking place almost continuously. 
The region around Crescent Bay was an embayment of the Eo- 
cene sea and basaltic lava flows were poured out on to the sea 
floor. At intervals ashes were ejected and these were afterwards 
worked over by the waves and redeposited as tuffaceous shales. 
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Similar conditions appear to have taken place as far north as 

Vancouver Island. 

BALD HILLS AREA. 

GEOGRAPHIC DISTRIBUTION. 

The Bald Hills constitute a prominent topographic feature 
of central Kitsap County. When viewed from a distance they 
stand in marked contrast to the prevailing level bench topogra- 
phy so common to the greater portion of the Puget Sound 
Basin. These hills are composed of basic andesitic lavas to- 
gether with small amounts of shale and sandstone all of which 
are of Eocene age. Outcrops of the formation are best exposed 
in the west central portion of the county to the south and west 
of Bremerton in Townships 23 and 24 North, Ranges 1 and 2 
West. Accessible exposures may be seen along the shores of 
Sinclair Inlet immediately southwest of Bremerton. 

If the glacial drift which covers the greater portion of the 
county were removed presumably the surface exposures of the 
entire southern half of the county would be composed of Eocene 
andesites and sediments. The lavas of the Bald Hills would 
directly connect with the same rocks of the Black Hills of 
Thurston and Mason counties as well as those of eastern Jeffer- 
son County. 

CHARACTER OF OUTCROPS. 

The surface exposures of the northern half of Kitsap Coun- 
ty are entirely of glacial origin. The average elevation of the 
surface of this portion of the county is 500 feet above sea level. 
The monadnock-like ridges forming the Bald Hills have an ele- 
vation of 1,000 feet. They form the drainage divide between 
Hood Canal on the west and Admiralty Inlet on the east. Sur- 
rounding the Hills on all sides are very thick deposits of glacial 
drift. They are much thicker on the west than on the east. 
The Eocene formations pass beneath the drift and presumably 
form a part of the floor of Hood Canal and connect with the 
lavas near the mouth of Dosewallips River. Because of the 
heavy overburden of glacial deposits along the western slopes 
of the Bald Hills no surface outcrops of the Eocene formations 
occur along the eastern shore of Hood Canal in Kitsap County. 
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Bald Mountain ridge possesses a general trend of North 
45° Easty approximately parallel to Hood Canal. No ex- 
posures of basalt occur north of Bremertcm. In Dyes Inlet 
which extends east from Bremerton to Silverdale, outcrops of 
the overlying Oligocene strata may be seen outcropping in the 
cliffs along the water's edge. To the north of this inlet no 
strata older than the Pleistocene glacial deposits are known 
to exist either in the cliffs along the shore line or inland. 

On the eastern side of Bald Mountain ridge outcrops of 
basalt may be seen in places even as far as Sinclair's Inlet 
where the glacial drift has been removed by erosion. On the 
shores of this inlet, about two miles southwest of Bremerton in 
Sections 28 and 38, Township 24 North, Range 1 East, excel- 
lent exposures of the basalt may be seen. It outcrops along 
the shore for a distance of over one mile. At the north end of 
the exposure, it appears only a few feet above sea level and is 
overlain with glacial gravels and sand. The contact surface 
between the basalt and the glacial deposits exhibits fine ex- 
amples of glacial grooving and scouring. Further to the 
southwest along the shore and near the head of the inlet a large 
quarry has been opened in the basaltic cliff. Here flow structure 
and the vesicular character of the basalt may be studied. 

Southeast of Sinclair Inlet no outcrops of basalt have been 
noted at any point within Kitsap County. The only rocks ob- 
served are the various phases of glacial drift. To the south- 
west of Bremerton, towards Clifton and from there on to De- 
watto the only exposures observed are of glacial origin. Basaltic 
lavas undoubtedly exist in this region below sea level but are 
so deeply buried with glacial deposits that no exposures out- 
crop at the surface. 

LITHOLOGY. 

Nearly all of the Eocene formations occurring within the 
Bald Hills area are composed of basaltic and andesitic lavas. 
Interbedded with these in a few places are narrow bands of 
sandstone. The prevailing lithologic character of the rock is 
of the typical black, fine but even-grained basalt. Associated 
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with this are numerous layers having a vesicular structure. 
The steam holes range in size from the head of a pin to over 
one inch in diameter. Commonly these are filled with secondary 

minerals such as natrolite. In a numher of places and espe- ' 

cially in Section 30, Township 24« North, Range 1 East, these I 

amygdaloids of natrolite are very conspicuous. They are j 

commonly referred to by the people living in that vicinity 
as fossil shells. In the exposures along Sinclair Inlet, 

southwest of Bremerton, both the fine-grained dense vari- ^ 

etv as well as the vesicular mav be seen in the cliff. In those ^ 

localities near the quarry where the fresher rock is continu- 
ously being exposed, these types may be studied to advant- 
age. Here much jointing and fracturing has occurred and 
along these joint and fracture planes, secondary alteration is 
in evidence. The faces of the joint planes are commonly cov- 
ered with a coating of red iron oxide. In the Bald Mountain 
ridge jointing is very prominent, giving rise to columnar struct- 
ure. These columns are roughly hexagonal in shape and stand 
nearly vertical being at right angles to the lava flows. Inter- 
bedded with the basalts are occasional bands of fragmental ma- 
terial composed of rough angular blocks of basalt imbedded in 
finer tuffaceous materials. These are not, however, character- 
istic of the Eocene igneous materials of Kitsap County. Such 
sedimentary rocks as occur interbedded with the Eocene lavas 
are not very prominent. They have been observed only in a very 
few places. On the north side of Bald Hill ridge about three 

miles southwest of Chico in Section 12, Township 24? North, / 

Range 1 West, sandstones may be seen in a small creek. 

At this point they are cut by diabase dikes which were 
probably the feeders for some of the basaltic layers lying above 
this particular sandstone stratum. No fossils were seen in this 
sandstone but in so much as it is interbedded with the basaltic 
layers and since eruptions of basaltic lavas seem to have ended 
at the close of the Eocene, the sandstone mav be also considered 
as belonging to this period. 
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GEOLOGIC STRUCTURE. 

No very important details concerning the structure of the 
Eocene formations in Kitsap County can be determined. In 
the southern part of the county the lava flows appear to He 
nearly horizontal or perhaps in gentle undulations. Extending 
in a direction a few degrees north of west from the entrance to 
Bremerton Inlet westward to Chico, there is evidence of a well- 
defined monocline or possibly the north limb of an anticline. 
This evidence is obtained from observations taken on the strike 
and dip of the Oligocene sandstones and shales at Restoration 
Point, Orchard Point and along the shores of Dyes Inlet. At 
least 9,000 feet of Oligocene strata are exposed and assume a 
persistent average strike of North 85° West with a dip ranging 
from 45° to 88° to the northeast. The basal beds which strati- 
graphically lie nearest to the Eocene basalts and which pre- 
sumably rest unconformably upon the basalts are dipping near- 
ly vertical. The actual contact between the overlying Miocene 
sediments and the underlying Eocene basalts is everywhere cov- 
ered over with glacial drift. It seems probable that just south 
of this contact the basaltic layers have been folded downwards 
in accordance with the overlying Oligocene formations. It is 
possible, although there is no direct evidence to support such a 
view, that a nearly vertical fault plane may exist parallel with 
the contact. Between Quilcene and Discovery Bay in the east- 
ern part of Jefferson County a syncline has been referred to 
which extends southeasterly in a general direction of South 45° 
East. The central part of this syncline is composed of Oligo- 
cene sandstones and shales. On the northeast and southwest 
flanks and lying beneath the sediments are Eocene basalts. 
The south limb appears to be a continuation of the Bald Hill 
basalts although its areal continuity is interrupted by the 
glacial deposits along Hood Canal. The basalts on the north 
side of this syncline outcrop at Hood Head and near Port Lud- 
low. If these outcrops were extended southeasterly they would 
diagonally cross the north end of Kitsap County from Port 
Gamble to Kingston. Because of the very thick covering of 
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glacial drift in this region, however, no pre-glacial rocks have 

been seen. It is to be presumed that they do underlie this 

portion of the county, though perhaps below sea-level, and if 

so, represent the reappearance on the north limb of the syncline 

of the same basaltic layers outcropping in the Bald Hills and 

forming the south limb of the syncline. The axis of such a 

syncline would extend through Township 26 North, Range 1 

East, southeasterly through the north part of Bainbridge 

Island and thence across Puget Sound into the north part of 

Seattle. 

BLACK HILLS AREA. 

GEOGRAPHIC DISTRIBT'TION. 

The Black Hills are situated in the northwestern portion 
of Thurston County and extend into the extreme eastern part 
of Grays Harbor County. They involve a large part of Town- 
ships 16, 17, and 18, Ranges 3 and 4 West. They form a 
group of hills attaining an elevation of over 1,500 feet. They 
are composed almost entirely of basaltic lavas which are flanked 
on all sides by deposits of glacial drift. 

To the north of the Black Hills, in Mason County, the sur- 
face formations are largely of glacial origin, but here and there 
projecting through the drift are rounded knobs of basalt ex- 
hibiting glacial scouring. It seems best to include these with 
the Black Hills for discussion. The north limits would then ex- 
tend as far as Hoodsport on Hood Canal. The western limits 
would extend from Hoodsport southwesterly to Matlock and 
thence to McCleary in Section 11, Township 18 North, Range 
5 West. From McCleary the contact between the Eocene 
fomiation and the Oligocene can be fairly determined from ex- 
posures in the creeks. It extends to Section 1, Township 17 
Xorth, Range 5 West, where it may be seen in the banks of 
Porter Creek. From Porter Creek it passes through Sections 
12, 14, 23, 26, and 35 of the same township and range and 
thence due southeast to a point one mile west of Oakville where 
it may be seen in a Northern Pacific Railway cut. From Oak- 
ville the eastern limits of the basaltic area follow the line of 
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the railway past Gate to Little Rock. It then crosses the glacial 
outwash prairie of Thurston County to a point north of Plumb 
Station on the Port Townsend and Southern Railway. The ba- 
salts occurring at Tumwater Falls south of Olympia are in- 
cluded within this area. The northeastern limits of the area 
cannot be definitely determined because of the heavy over- 
burden of glacial drift. 

CHARACTER OF OUTCROPS. 

Within the Black Hills the basaltic masses outcrop as high 
rounded hills which form the divide between those streams flow- 
ing northeasterly to Puget Sound and those flowing southwest- 
erly into Chehalis River and thence direct to the Ocean. This 
divide varies in elevation. Between Little Rock and Gate along 
Black River it rises abruptly from an elevation of about 200 
feet to an elevation of 800 feet. It extends due north as a ridge 
between Bordeaux Creek and Cedar Creek into the corner where 
Townships 17 and 18, Ranges 3 and 4, meet. In these hills the 
small creeks head and flow outwards through steep canyons. 
Extending up Bordeaux Creek through the lumbering town of 
Bordeaux there is a logging railroad, along whose grade many 
rock cuts have been made. In these the contact between the 
overlying glacial drift and the surface of the basalt may be 
seen. These surfaces always show the effect of glacial scouring 
in the form of grooves and polishing. On the higher slopes of 
the hills west of Delphi Post Oflice the vegetation is very heavy, 
but suflicient exposures exist to indicate that they are com- 
posed exclusively of Eocene basalt. In the smaller valleys lead- 
ing out from these hills the soil is always of a typical reddish 
color due to the oxidation of the iron bearing minerals in the 
basalt below. 

Extending from Little Rock to Gate on the west side of 
the Northern Pacific railway the basaltic rock forms a very 
steep escarpment in contrast to the level glacial outwash prairies 
immediately to the southeast. From Gate this escarpment 
swings around and extends in a direction North 20° West ap- 





^ 



The Tertiary Formations of Western Washington 139 



proximately parallel to the Northern Pacific railway and is 
three or four miles to the northeast of it. 

About fifteen miles northwest of Gate the general elevation I 

of the Black Hills gradually becomes much lower and in the t 

vicinity of Matlock they form a low divide between the Puget f 

Sound basin and Grays Harbor. From Matlock the elevation T 

of this divide gradually increases and soon merges into a high 
rugged spur of the Olympic Mountains, which passes up the 
south side of the south fork of Skokomish River. The elevation 
of the gap at Matlock is 400 feet. This broad gap lying be- 
tween the Olympics and the Black Hills is thickly veneered with 
glacial drift, but at numerous points projecting through it are 
outcrops of basalt always more or less rounded and scoured. 
The more important outcrops are located between the railroad 
extending from Shelton to Cloquailam and the branch extending 
from Kamilchie to McCleary. These outcrops are never over 
five or six acres in extent. The surrounding soil is generally 
of a deep red color. Many of the pebbles in the glacial gravels 
surrounding them are composed of the same material. These 
knobs are often at an elevation of twenty-five feet above the 
surrounding glacial drift. Numerous outcrops of these ba- 
saltic areas may be seen along the old logging railway track 
and also along the county road extending from Shelton to Mc- 
Cleary. 

If the glacial drift of the Black Hills and the area north- 
ward to Hoodsport were completely removed it is very probable 
that the basalt would continue northward and directly connect 
with that occurring from Hoodsport northward to Quilcene and 
also with that in the Bald Mountain area of Kitsap County. 

In Tumwater Canyon just south of Olympia the Des Chutes 
River has cut its canyon down through the drift and into the 
basaltic rock. This basalt, while not areally connected with 
that in the Black Hills to the west, is a continuation of it, the 
intervening area being covered with glacial gravel and sands. 

Occasionally basalt may be seen outcropping in the east- 
tem part of Thurston County and in the valley of Nisqually / 
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River, as well as along the divide between the head waters of 
the Des Chutes and Skookumchuck rivers. These eastern ba- 
saltic areas are probably in reality the eastward extension of 
those in the Black Hills. The two areas are separated by the 
glacial outwash prairies south of Olympia. 

To the northeast of the Black Hills among the inlets at the 
head of Puget Sound no basaltic formations outcrop at the 
surface. The only surface formations are glacial drift. Eocene 
basaltic masses may underlie Hartstine Island, McNeil Island, 
Carr Inlet and Tacoma, but there is no means of obtaining in- 
formation concerning their character or structure. No deep 
well borings are available to determine how far below sea-level 
the upper surface of the basalt exists. 

LITHOLOGY. 

The Eocene formations within the Black Hills area are for 
the most part composed of igneous material. Occasionally in- 
terbedded sandstones and shales containing carbonaceous scams 
occur. The igneous materials consist of dense fine grained 
black basalt together with basaltic tuffs and vesicular layers, 
many of which are filled with amygdules of secondary natrolite. 
In places basaltic material of diabasic structure may be seen 
in the form of dikes cutting through the basaltic layers illustrat- 
ing the methods by which the molten lavas reached the surface. 
These amj'gdaloidal phases of the basalt outcrop just north 
of the county road at Delphi, about seven miles southwest of 
Olympia. In the Black Hills proper and in the hills surround- 
ing Bordeaux the basalt is of the fine grained, black, dense 
variety, ringing when struck with a hammer and breaking with 
a conchoidal fracture. In the exposures between Little Rock 
and Gate along the Northern Pacific Railway the basalt is 
often coarse grained and vesicular. In places in the ridge be- 
tween Bordeaux and Gate, pyroclastic materials are interbedded 
with basaltic flows. These, however, are not a very conspicu- 
ous feature among the basalts of the Black Hills area. 

The basaltic rock in Tumwater canyon south of Olympia 
is of the typical variety, ranging from fine to medium grained. 
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In the northern part of the area, in the vicinity of New Kaniil- 
chie, Cloquallam and thence northward to Shelton, the small 
knobs of basalt which outcrop are nearly always very fine 
grained and dense in appearance, and usually much weathered 
and altered. Extending into the rock several inches from the 
joint plains are masses of soft red material, largely composed 
of iron oxide. The rock itself is usually, even in the fresher 
j>ortions, more or less altered. 

About 1,000 feet west of Gate City in one of the small creek 
canyons leading up into the Black Hills, are exposures of sand- 
stone and shale, containing low-grade coal seams. The sand- 
stones are coarse grained, and have a yellowish brown color. 
They commonly show cross bedding and are presumably of 
estuarine origin. The shales are thinly bedded, of a brown 
color not very hard. In places there are beds of slightly car- 
bonaceous shales interbedded with the sandstones. In Section 
26, Township 16 North, Range 4 West, a scam of impure coal 
outcrops in the banks of a small creek which at this point has 
carved its canyon down through the sandstone leaving the igne- 
ous rock on either side. The sedimentary rocks are distinctly 
interbedded with basalts. 

GEOLOGIC STRUCTURE. 

Because of the absence of interbedded sedimentary rocks or 
stratified tuffaceous materials it is very difficult to determine the 
structure over the larger part of the Black Hills area. In the 
northern part of this district the basaltic outcrops form only 
isolated knobs, the intervening country being heavily covered 
over with glacial drift, thus rendering it impossible to actually 
connect any suggested structure from one outcrop to another. 
At the locality just west of Gate City where observations on the 
strike and dip of interbedded sandstones have been taken, the 
basalts along with the sedimentaries appear to be folded into a 
northwest-southeast direction. It is possible that the Black 

Hills, which trend northwest to southeast, may represent an ^ 

anticlinal fold or warp, or possibly a series of closely folded _ ^ * 
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anticlines and synclines. Although there is no conclusive evi- 
dence on this point, the former is the more probable. 

Along the western contact of the basalt in the Black Hills 
area, sandstones and shales of Oligocene age are resting uncon- 
formably upon the former. The sediments have a strike ap- 
proximately parallel to the contact. This is nearly north and 
south with a low dip to the west ranging from 9 to 11 degrees. 
These Oligocene sandstones and shales constitute the east limb 
of the syncline whose axis trends nearly parallel to Chehalis 
River between Oakville and Elma. The basalt lying along the 
western margin of the Black Hills must form a part of this 
eastern synclinal limb. To the northeast of Olympia such 
structural relations as may exist among the basaltic flows are 
entirely obscured by the very heavy overburden of glacial drift. 
The lava formations are below sea-level. To the southwest of 
the high ridge exposed between Little Rock and Gate the greater 
part of the country is involved in glacial outwash prairies. In 
places along lailroad, stream, or wagon road cuts the older 
bed-rock Eocene formations are exposed. The Eocene forma- 
tions here contain a larger amount of sedimentary material in 
which igneous flows are interbedded. 

ELK CREEK AND CHEHALIS RIVER AREA 
GEOGRAPHIC DISTRIBUTION. 

This area is situated in the southwestern corner of Lewis 
County in Townships 13 and 14 North, Range 6 West. It em- 
braces the drainage area of the south branch of Chehalis River 
and Elk Creek. The belt is traversed by the Willapa Harbor 
branch of the Northern Pacific Railway. The areal boundary 
lines of the formation have in certain places been definitely estab- 
lished. In many other localities because of insuflicient outcrops 
the contact has been only approximately drawn. The bed-rock 
formations of the entire drainage area of Elk Creek are almost 
entirely composed of basaltic rock. Beginning at a point one 
mile west of Pluvius on the railway in Section 8, Township 12 
North, Range 6 West, the contact between the Eocene and 
Oligocene swings about North 46° West and follows along the 
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high ridge which forms the divide between Elk Creek on the 
east and Mill Creek, Wilson Creek and the head waters of North 
River on the west. At the head of Martin Creek, one of the 
tributaries to North River, the contact swings northeasterly, 

crosses the Lewis-Chehalis County line in the southeast quarter J 

of Section 7, Township 16 North, Range 6 West and appears i 

in the railway cut of the Grays Harbor branch of the O.-W. R. 
R. & N. Co. in Section 5 of the same township and range. It 
passes thence into the Black Hills area already described. The It 

south boundary of the area may be arbitrarily chosen as the < 

Lewis-Cowlitz County line. The areal outcrops of this forma- 
tion extend much farther south, but for purposes of description 
they will be considered in connection with the Columbia River 
area. The eastern contact of this belt is very indefinite. Along 
the south branch of Chehalis River and from Fe Ell southward, 
basaltic rock outcrops. These exposures are conspicuous in the 
high ridge immediately east of the river. On the eastern side of 
this ridge in the valley of the headwaters of the main branch of 
Chehalis River the bedrock formations disappear from view. 
The entire country is covered with very thick deposits of non- 
consolidated sands and clays. The last bed-rock outcrops to ap- 
pear are basalts. In the intervening area between the valley of 
the main branch of Chehalis River from Ceres to Wildwood on 
the west and the main line of the Northern Pacific on the east, 
cx!casional outcrops of bed-rock formations may be seen in the 
small canyons. These outcrops are partly of Eocene sedi- 
mentary origin and partly of Oligocene and will be described in / 
the Cowlitz River area. It seems best to construct the eastern 
areal contact of the Elk Creek-Chehalis area on the eastern side 
of the valley of the main Chehalis River from Wildwood north- 
ward to Boistfort and from thence to a point on the Willapa 
Harbor branch of the Northern Pacific two miles west of Adna. 
From Adna the contact extends northwesterly along the divide 
between Bunker Creek and Chehalis River. Sedimentary rocks 
probably of Eocene age outcrop on Bunker Creek and contain 
carbonaceous seams. From the head of Bunker Creek the con- f 
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tact extends about North 10^ West past the head waters of 
Lincohi and Independence creeks and on the north side of the 
latter in Section 26, Township 15 North, Range 5 West, swings 
northeasterly and appears in the railway cut of the Oregon- 
Washington Railway and Navigation Co., in Section 10, Town- 
ship 15 North, Range 4 West. It then passes under the alluvium 
of Chehalis River Valley and connects with the basaltic area at 
Gate in the Black Hills area. 

CIIARACTEU OF OUTCROPS. 

That part of the area under consideration south of the Wilhi- 
pa Harbor branch of the Northern Pacific Railway is mountain- 
ous in character and very inaccessible. It is densely timbered 
and logging has not been attempted on any large scale. Along 
the south branch of the Chehalis River due south from Pe Ell 
rock outcrops are abundant. They are almost entirely com- 
posed of basalt. Occasional bands of sandy shale are inter- 
bedded. In Section 10, Township 11 North, Range 5 West, 
quartz veins occur in the basalt. These are said to carry low 
values in gold and have been mined on a very small scale. 

Along the line of the Willapa Harbor branch of the Nor- 
thern Pacific Railway in the can>^ons of Chehalis River, out- 
crops of basalt are very common. Along the divide in the 
vicinity of Pluvius, Rock C'rcek and McCormick, the river has 
cut its channel into bed-rock. The surface exposures, however, 
are more commonly composed of thick deposits of Pleistocene 
clays and sands. At various intervals from Pc Ell to Doty and 
from Doty to ^leskill, basalt with occasional interbedded layers 
of sandstone and shale are very conspicuous. 

A traverse line was run from Doty westerly to the head 
waters of Elk Creek. The surface rocks in this drainage basin 
are for the most part composed of* gravels, sands, and clays. 
Through these, Elk Creek has carved its course and exposed 
along its bed outcrops of basalt. These are exposed in places 
along the creek for a distance of six miles west of Doty. From 
there westerly to the head of the smaller branches of the creek 
the boulders along its course are composed of basalt. On the 



The Tertiary Formationt of Wegtern Waihington 145 

hcadiiaters of North River in the north half of Township 14 
North, and the southeast quarter of Township 15 North, Range 
6 West, basaltic outcrops make tlicir appearance. 

DIVIDE BETWEEN COLUMBIA AND WILLAPA RIVERS AREA. 
GKOHRAI'IIIC DlSTIimrTlON. 

The Kocenc formations occurring within this area involve a 
belt approximately twelve miles in width and thirty miles in 
length. The belt extends diagonally from Willapa Harbor 
across Pacific County southeasterly to the point where Lewis, 
Cowlitz, Wahkiakum and Pacific counties meet. Its northeast- 
em contact with the Oiigocenc sedinicntaries crosses North River 
in Section 31, Township 16 North, Range 9 West. It continues 
southeasterly through a country where rock outcrops are very 
scarce and consequently the line as drawn upon the maps is only 
approximate. Between the towns of Raymond and South Bend 
its position is more definite. A quarry has been opened in the 
Eocene basalts one and one-half miles northeast of South Bend 
in Section 23, Township 14 North, Range 9 West, and one-half 
mile east of this locality Oiigocenc sandstones and shales form 
prominent outcrops. From South Bend the contact trends about 
South 40"* East and crosses Trap Creek two miles south of Hol- 
oomb Station in Section 11, Township 12 North, Range 8 West. 
It continues more nearly east along the west-east center line of 
Township 18 North, Range 7 West and then turns north cross- 
ing the railway about one mile west of Pluvius Station. 

The southwestern contact of this belt is near the north end of 
Shoalwater Bay. From this point it trends nearly South 40^ 
Ea.st. It passes through Sections 26, 27 and 28, Township 11 
North, Range 9 West, and nearly duo east across the center 
of Township 11 North, Range 8 West, and finally enters Waii- 
kialtum County. It can be observed mi the left fork of Grays 
River and near the head of Fossil Creek. 

In Section 11, Township 10 North, Range 7 West, a small 
tongue shape<l spur trends southwesterly for a distance of &\c 
miles. This narrow hand is about one and one-half miles in 
width. In the south part of Section 13, same township and 
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range, the contact extends nearly due east througli the center 
of the township just cast, and crosses the head waters of the 
several branches of Skamokawa River. It crosses the left and 
right branches of Alockaman River in Sections 21 and 23, Town- 
ship 10 North, Range 5 West, and extends into Cowlitz County. 

CHABACTER OF OUTCROPS. 

This broad belt of the Eocene formation, whose areal limits 
have just been defined, occupies the divide between the drainage 
flowing northerly to the Willapa River basin and that flowing 
southerly to the Nasel and Columbia River basins. This divide 
ranges in elevation from two hundred to fifteen hundred feet 
above sea-level. It is very heavily timbered and in places at the 
headwaters of the several creeks there are steep escarpments. 
Disintegration of the rock formations has produced a very thick 
covering of soil which, together with the accumulations of veg- 
etable material, render rock exposures difficult to find. In addi- 
tion to these deposits produced by weathering there arc forma- 
tions of clays and sandy clays, together with gravels somewhat 
bedded and very loosely consolidated. These vary In thickness, 
ranging from a few feet to over 100 feet. No fossils arc found in 
these and they undoubtedly represent river deposits formerly 
laid down over this region when it possessed a much lower eleva- 
tion than it has today. 

As this divide gradually approaches Shoalwater Bay and 
Willapa Harbor the Eocene formations become thickly covered 
with Pliocene or Pleistocene sands, gravels nnd clays. Along 
the shore at Bay Center, the mouth of Nemah River, and at 
Bniceport, the young horizontally bedded sediments are well 
developed and only in a few places back from the shore do the 
bed-rock formations outcrop. 

Exposures of Eocene basalt may he seen in the city of South 
Bend and just south of town on the trail to Nemah. One of 
these outcrops, within the city limits, is being quarried for road 
material. In the several street cuts of the city the nearly hori- 
zontal Pleistocene clays may be seen overlying the basalt. 
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From South Bend a wagon road extends almost due south 
for a distance of five miles and then continues as a trail on to 
Nemah River. For the first three or four miles south of the 
city limits, the country is comparatively flat and about two 
hundred feet above sea level. Numerous small creeks have cut 
their canyons into this flat surfaced country and where the trail 
passes along the walls of these small valleys exposures of bed- 
rock may be seen. In every case these are of basalt. At the 
point where the trail crosses the north fork of Nemah River 
outcrops of sandy shale may be seen in its bed and along its 
banks. The material is massive in character and no strike and 
dip could be obtained. These are believed to be interbedded with 
the basalts. From Nemah postoffice a road extends up the 
middle fork of Nemah River for a distance of five miles. At 
several points along the river the same sandy shale outcrops. 
In the northwest corner of Section 30, Township 12 North, 
Range 9 West the road crosses from the south to the north side 
of the river. In the road cut about 500 feet south from the 
bridge, exposures of sandy shales and shaly sandstones are 
well developed. Observations on the strike and dip were taken 
at this point and yielded the following data: Strike North 20° 
West, dip 30° to the southwest. Thence the road continues on 
for some distance and then becomes a trail which has be- 
come grown over so as to be no longer usable. Observations 
were made on the character of the rock up to the head of the 
river and such exposures as could be seen were of sandy shale. 

From South Bend a road extends southwesterly to the Palix 
River. The greater part of this distance is covered with late 
Pleistocene sands and shales. In several places, however, the 
bedrock, consisting of basalt, is exposed. 

In the high ridge extending from Nemah Harbor southeast- 
erly and lying between South Nemah and Nasel rivers there 
are exposures of basalt. These are usually heavily covered 
with sands and clays. The majority of the exposures occur- 
ring along the banks of Nasel River are of Oligocene age. On 
a small creek in Section 33, Township 11 North, Range 9 
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West, basaltic outcrops are well developed, and interbedded 
with these are sandstones. In Section 20, Township 11 North, 
Range 8 West, the contact between the basalts and overlying 
sandstones and shales crosses Nasel River. From this point 
northward the river flows through a gorge with steep rocky 
slopes. A second gorge is well developed from the junction of 
the north fork of Nasel River and the main stream. This con- 
tinues easterly a little over one mile to the point where Alder 
Creek enters Nasel River. About 500 feet up Alder Creek north 
from its junction with the main Nasel River, volcanic tuffs, to- 
gether with shales, are interbedded with volcanic lavas. They 
have been much disturbed by faulting and contain marine fos- 
sils. A traverse line was run to the head waters of Alder 
Creek over the main divide and thence down to Trap Creek. 
Along the Alder Creek portion of the traverse such exposures 
of bedrock as were seen were composed entirely of basalts. All 
the boulders and stream pebbles were of the same material. 
Along the main divide the bedrocks are heavily covered with 
sands and clays and a dense growth of forest. In places bould- 
ers and blocks of hard, massive, brown, coarse grained sand- 
stone were occasionally seen. They seem to be portions of inter- 
bedded layers of sedimentary rocks between the basaltic flows. 
On the north side of the divide in the valley of Trap Creek 
very^ few exposures of bedrock occur. The boulders in the 
streams are almost entirely composed of basalt. The hill slopes 
are thickly covered with residual soil in addition to the Pliesto- 
cene sands and clays. Small outcrops of basalt were seen on 
the north side of Trap Creek about three miles south of Willapa 
River. In Section 3, Township 12 North, Range 8 West, at a 
point where the main trail crosses Trap ('reek, sandy shales out- 
crop in the bank of the river. They have a strike of North 20° 
Kast and dip 30° to the northwest. Further observations were 
taken on sandstones and shales in Sections 1 and 12, same town- 
ship and range, and from their lithological character they 
were thought to be of Oligocenc age and the basaltic contact has 
been drawn just south. The sandy shale mentioned as occur- 
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ring in Section 3 is probably a sedimentary layer interbedded 
within the basalts. 

About one mile west of Holcomb basalts form prominent 
outcrops along the Northern Pacific Railway grade and con- 
tinue over the Willapa-Chehalis divide to Pe Ell. West of the 
contact rock exposures are not well developed, but such as do 
occur are a part of the overlying Oligocene formation. 

A traverse line was run from the Northern Pacific Railway 
at Raymond southward, up the south fork of Willapa River and 
detailed observations made on the various outcrops along the 
traverse. In the north half of Section 6, Township IS North, 
Range 8 West, the basalt contact was found to cross the river, 
to extend southeasterly and again recross it in the west half 
of Section 8, the same township and range. On the northeast 
side of the contact marine fossiliferous sandstones and shales 
of Oligocene age were seen dipping at an angle of 35° to the 
northeast. Within the basaltic areas extending southwesterly 
from the contact, numerous bands of sandstones and shale oc- 
cur interbedded with the basaltic layers. No fossils could be 
found within these. Stratigraphically downwards from the 
Eoccne-Oligocene contact the interbedded sedimentaries become 
less numerous and much thinner, and ultimately entirely disap- 
pear. In every case the upper limit of the basalt has been 
chosen as the contact between the Eocene and Oligocene forma- 
tions. The interbedded sandstones and shales are regarded as 
belonging to the Eocene. Future detailed studies may prove 
that a part of the basalt belongs to the Oligocene. 

On the left fork of Grays River, Oligocene sandstone and 
shales were found to outcrop as far as the boundary line between 
Pacific and Wahkiakum counties. The basaltic contact occurs 
approximately on the line between Section 5,Township lONorth, 
Range 7 West, and Section 32, Township 11 North, Range 7 
West. Near the contact, layers of basalt interbedded with sand- 
stones and shales begin to outcrop. In places layers of tuff aceous 
material are interstratified. For a distance of one-half mile 
north of the contact the sediments are quite commonly interbed- 
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ed with the basalts. Beyond that point basalt predominates. 
About one-half mile north of the junction of the left fork of 
Grays River and the main branch, on the former, the contact 
may again be seen. South of this contact the lower Oligocene 
shales and sandstones are well developed in the river banks, 
dipping southerly away from the basalt. Just north of the 
contact sandstones arc interfoedded with the basaltic layers. 
At this point, on the east bank of the river, a small diabase dike 
cuts the sedimentary rocks. Along the upper branches of the 
left fork of Grays River tuffaceous layers are very conspicu- 
ously interbedded with the basaltic flows. On the main branch 
of Grays River in Section 20, Township 11 North, Range 6 
West, about two miles north of Blaney Creek the tuffaceous 
and shaly layers outcrop very prominently. Marine fossils are 
very common in the shales. The shales are somewhat baked 
and never exceed over 100 feet in thickness. The creek flows 
through a very narrow valley and at a point near the junction 
of Blaney Creek flows through a gorge of basaltic rock. The 
headwaters of the several branches of Grays River lie entirely in 
basaltic areas. The fossiliferous shales above mentioned are 
lower Oligocene. 

The contact between the basalts on the east and the overly- 
ing fossiliferous sandstones on the west occur in Section 11, 
Township 10 North, Range 7 West. The basaltic hills trend 
southwesterly and form the divide between Grays River on the 
north and the west fork of Skamokawa River on the south. 
This divide is about 500 feet in elevation and thickly covered 
with Pliocene sands and clays, although basalt outcrops in 
places. 

On the main fork of Skamokawa River, basalts occur in 
the hillside throughout the north half of Township 10 North, 
Range 6 West, The creek valleys are commonly filled in with 
gravel and sand, but the basalts outcrop on the divides. The 
exact position of the contact could not be determined, but has 
been approximately drawn midway between the last outcrops of 
sedimentary rocks and the first outcrops of basalt. 
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On Wilson Creek, which enters the main branch of Skamok- 
awa River in Section 29, Township 10 North, Range 6 West, ex- 
posures of sedimentary formations occur at various points up 
to the basalt contact which lies in Section M, Township 10 
North, Range 6 West. The sedimentary rocks consist of iso- 
lated exposures along the river banks until the river valle^^ 
flattens out and no more outcrops are seen. From that point 
northward the boulders in the creek are composed entirely of 
basalt and such exposures in the hills as are not covered with 
Pliocene sands and clays are also composed of basaltic rock. 
The contact has been drawn at this point as may be seen upon 
the accompanying maps. To the east of Wilson Creek in Town- 
ship 10 North, Range 5 West, outcrops of basalt are common. 
The contact between this formation and the marine Miocene 
rock to the south crosses the left fork of Alockaman River in 
the south half of Section 22, Township 10 North, Range 5 
West. Near the contact in the basalt some mining develop- 
ment work has been done upon small quartz veins said to carry 
low values in gold. This contact crosses the right fork of the 
river about two miles due east. To the north on the headwaters 
of the Alockaman River and on the divide leading over the head- 
waters of the south branch of (^hehalis River the rock formations 
are entirely of basalt. The divide has an elevation of over 1,500 
feet and the several branches of both rivers flow through deep 
gorges cut into the basalt. 

LITHOLOGY. 

The P^ocene formations along the divide between Willapa 
River and the Columbia are composed for the most part of ba- 
saltic lavas and tufl^s. Interbedded with these are shales, sandy 
shales, shaly sandstones, and sandstones. The basaltic lavas 
appear in various phases, ranging from the fine-grained, 
dense black specimens to the highly vesicular types. Mixed 
with these are fragmcntal layers in which huge angular blocks 
range in size from a few inches to several feet in diameter. 
These are imbedded in the finer grained basalts and all show 
the efl^ccts of flow action. The sandstones are coarse-grained, 
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of a grayish brown color and fairly hard, but not widely dis- 
tributed, 

GEOLOGIC STBVCTfRK. 

The structure of the area under consideration is very com- 
plex. In its broad general features there is an anticline trend- 
ing approximately Xorth 40° West from Willapa Harbor, but 
in the vicinity of the headwaters of Grays Kiver it turns and 
extends nearly due east along the divide between the head- 
waters of the Alockaman and the south branch of Chehalis 
River, Along Willapa River on the northeast side of the anti- 
cline the overlying Miocene rocks are dipping to the northeast 
at angles ran^ng from 7° to 35°. On the south side of the 
anticline on Salmon and Nasel, Gray and Alockaman rivers, 
the average angle is 30° to the southwest, but ranges from 3° 
to 60° in various places. 

CATHLAMET-OERMANY CREEK AREA. 



The area involved in this district lies on the north side of 
Columbia River in the soutlieastem part of Wahkiakum County 
and southwestern Cowlitz County. It embraces the northwest 
comer of Township 8 North, Range 3 West, and the north 
halves of Townships 8 North, Ranges i, 5, and 6 West, the 
west half of Township 9 North, Range 8 West, and the lower 
two-thirds of Townships 9 North, Ranges 4, 5, and 6 West. 
The south limits of the district are defined by Columbia River 
and the north limits by an cast- west belt of marine Oligoccne 
sedimentary rocks. The north contact between the Eocene 
basalts and the Oligocene sedimentaries begins about one mile 
north of Skamokawa. From this point it extends nearly due 
east for three miles and then turns southeasterly and crosses 
Alockaman River in the north half of Section 32, Township 9 
North, Range 5 West. Here it swings around on the east side 
of Alockaman River, and in Section 10 swings back again to the 
west side of the river, and then rccrosses in Section 2 of the same 
township and range. It crosses from Wahkiakum into Cowhtz 
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County and may be traced across the head waters of Aber- 
nathy and Germany creeks. In Section 18, Township 9 North, 
Range 3 West the overlying Oligocene sediments thin out and 
disappear and the basalts are areally connected with those in 
the Coal Creek and Arkansas Creek areas which lie to the east 
and northeast. 

CHARACTER OF OUTCROPS. 

Almost the entire area of this district is composed of ba- 
saltic rock. It is not always exposed at the surface, however, 
because of the extensive covering of Pleistocene sands and clays. 
The elevations range from a few feet to 1500 feet above sea 
level. The area is dissected by several streams heading to the 
north near the Cowlitz-Lewis County line and flowing south- 
ward into the Columbia. These streams have developed valleys 
varying from a few hundred feet to over two miles in width. 
In most instances, however, the valley floors are covered with 
alluvium. Here and there exposures of basalt may be seen in 
the stream banks. 

Detailed traverses were run along Alockaman, Skamokawa, 
Cameron, Abernathy, Germany and Mosquito creeks and from 
observation taken along these traverse lines the areal geological 
data as shown on the maps accompanying this report, have been 
obtained. 

From Oak Point a logging railway owned by the Oak Point 
Piling Company extends up (^ameron Creek for a distance of 
seven miles from its mouth. For the first two miles outcrops of 
basalt are very numerous. The valley here is very narrow with 
steep slopes on either side composed of basaltic cliffs. 

For the next three miles the basalt exposures are not so 
prominent but may be seen wherever any grading has been at- 
tempted along the railway track. The basalts in the hills back 
from the track are covered with. clay. At a point five miles up 
the creek a basalt cliff, having an elevation of 50 feet, occurs 
on the east side of the track. At this point on the surface 
there is about two feet of yellowish clay followed by several 
inches of black bituminous material which is in turn covered 
with a sandy clay. From the results of examinations made to 
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the west, this appears to lie between two basultic flows, the 
upper one of which in this particular place has been removed 
by erosion. The soil in the vicinity of the creek is of a reddish 
color and is clearly derived from the underlying basalts. The 
traverse was extended up the creek two miles further and no 
more outcrops of basalt were seen. Such exposures as occur 
in the banks of the creek or around upturned tree trunks show 
a bght colored clay. From the general appearance of the soil, 
however, the underlying bedrock is undoubtedly basalt to the 
head waters of the creek. 

From the mouth of Abemathy Creek the Wisconsin Logging 
and Lumber Company's railroad extends up the stream for a . 
distance of nine miles to the forks of the creek in Section 6« 
Township 9 North, Range 4 West. At this point the main 
track leaves the creek and veers off in a northwesterly direc- 
tion for a distance of three miles. Frequent exposures of ba- 
salt occur over the entire distance to the forks of the creek. In 
a number of places there are steep basaltic cliffs showing well 
developed columnar jointing. From the forks of the river 
northwesterly in Wahkiakum County no further exposures of 
basalt were seen. However, there are numerous cuts along the 
track in which clays appear. These are a bright reddish-yellow, 
white and cream color. At a point about two and a half miles 
west of the river in Section 1, Township 9 North, Range 5 
West, this clay is underlain with a bod of yellow sand, massive 
in character and with no bedding plains. These may be a part 
of the interbedded Eocene sedimentary formations, or possibly 
of late Pliocene or Pleistocene origin. In many places those are 
directly overlain by basaltic flows. 

At a point about one-half mile west of the forks of the creek 
already referred to the same characteristic clay occurs, in- 
eluded in which are angular fragments of light pinkish colored 
rock which when closely examined is found to be a distinctly 
altered vesicular basalt. In places those clays appear to be 
tuffaceous. 

An examination was made of the upper branches of tlio 
creek to their headwaters. Only one outcrop of basaltic rock 
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was seen in place. However the pebbles and boulders in the 
creek are composed of fine-grained black basalt which occasion- 
ally is vesicular. 

A detailed traverse was made along Germany Creek from 
the point where it empties into Columbia River at the town of 
Stella to its headwaters in the center of Township 10, Range 4 
West. At a point about one-fourth mile northwest of Stella 
along the wagon road on the east side of the creek the basaltic 
rock is well exposed. Two distinct flows appear at this place. 
The upper is a hard dense black rock, the lower is soft, much 
decomposed and in places distinctly tuflfaceous, often assuming 
a yellow to creamish color. 

The county wagon road extends up Germany Creek for a 
distance of four miles. Examinations made along this road, ex- 
cept in the immediate vicinity of Columbia River, yielded very 
few outcrops of bed rock. Wherever exposures were seen, how- 
ever, they were entirely composed of basalt. In those localities 
where bedrock was not observed the surface soils were very 
heavily iron-stained and the pebbles and fragments found in 
them were composed of very badly weathered basalt. 

Farther north in Section 1, Township 9 North, Range 4 
West, at a point where a small creek comes in from the west, 
a massive brown sandstone outcrops. No observations on 
strike and dip could be obtained here. Further examinations 
made up the creek near its headwaters, indicate the bed rock to 
be basaltic in character. 

LITHOLOGY. 

The Eocene formations in the area just described are almost 
entirely composed of basaltic and andesitic lavas. Such sedi- 
mentary rocks as occur with them consist of very narrow bands 
of shale or sandstone intercalated between the flows. These are 
commonly more or less carbonaceous. The basalt as seen along 
(^'olumbia River present a series of horizontal layers resting one 
above the other. The contact surfaces between these layers 
are slightly undulating. These layers vary considerably in 
general appearance, some being light and others dark, some 
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having been extensively weathered and others appearing hard, 
dense and fresh. Some of these bands are distinctly tuffaceous, 
others are vesicular and still others show well-defined flow 
structure. In numerous places along the river cliffs there arc 
seams of clay between the individual lava flows often over two 
feet in thickness and in these there are sometimes very thin seams 
of carbonaceous materials. These facts indicate that the differ- 
ent bands represent individual lava flows. The clays lying be- 
tween the different flows indicate that a considerable length of 
time intervened between the outpouring of each successive flow 
sufficient to allow extensive weathering of the rock prior to the 
outpouring of the next lava sheet. The presence of carbona- 
ceous material between these layers indicates the growth of 
vegetation during the quiescent periods. 

GEOLOGIC STRUCTURE. 

Very little detailed information is at hand concerning the 
structure of the Eocene formations within this area. Such data 
as have been collected suggest that the formations have not 
been greatly disturbed since their deposition. They lie nearly 
horizontal with very gentle undulations. These undulations are 
not sufficiently prominent to be regarded as minor synclines and 
anticlines. On the north side of the belt an east- west synclinal 
trough has been developed. In the center of it the Miocene 
sedimentary rocks are also folded. These latter lie to the north 
of the district and will be considered in the discussion of the 
Oligocene areas. 

Because of the very thick veneer of Pleistocene sands, clays 
and gravels which overlie the bed rock Eocene formations, 
faulting is very difficult to detect. Minor fault plains ranging 
from a few inches to two or three feet are common, but are local 
in character. They have no prevailing direction. 

ILWACO AREA. 
GEOGRAPHIC DISTRIBUTION. 

Eocene formations outcrop prominently in the high rugged 
rocky point at the north entrance to Columbia River. About 
three square miles of territory are involved. 
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The rocks outcropping in the point south of Ilwaco attain 
an elevation of 200 feet above sea level. The west side of this 
headland is directly exposed to the waves of the Pacific Ocean. 
Two points jut out into the ocean, namely North Head and 
McKenzie Head. Even at the lowest tides it is impossible to 
pass around these points but between them are coves with 
broad gravelly beaches and back of these beaches the elevations 
are comparatively low, forming shallow divides with the area on 
the eastern side of the cape. The eastern shore is more or less 
protected from the action of the ocean and in recent years 
shoaling has occurred to such an extent as to build up promi- 
nent sand spits. This high rocky cape ends abruptly immedi- 
ately west of the town of Ilwaco and the country from that 
point northward is largely composed of low hills of Pleistocene 
gravels. Near the ocean a sandbar has been developed to the 
north for a distance of fifteen miles. 

LITHOLOGY. 

The rocks involved in Cape Disappointment are entirely of 
Eocene age and composed of varied types of lava flows, inter- 
bedded shales and sandstones, tufFaceous layers and fragmental 
material. The surface of the cliffs are covered with polygonal 
shaped blocks, due possibly to contraction at the time of cooling. 
A similar condition prevails on the north side of McKenzie Head 
Along the eastern shore of Ilwaco Point about one-half mile 
south of the town of Ilwaco, shales and sandstones are inter- 
bedded with the lava. On their upper surfaces where they come 
in contact with other basaltic flows they are baked and slightly 
metamorphosed. In places, especially at a point one mile 
north of Fort Canby barracks, both the volcanic layers as well 
as the sandstones and shales are cut by diabase dikes. On the 
opposite side of Ilwaco Point north of McKenzie Head similar 
shales appear interbedded with basalt. Here they are badly 
baked, twisted and squeezed as on the eastern side. About one- 
half of the entire assemblage of volcanic materials occurring 
in this area is composed of tuffaceous and fragmental rocks. 
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ThesQ are firmly cemciitwl mid always sliow cimsidoralile alter- 
stion. (Plates Xl\ and XV.) 

GEOLOOIC STRUCTlitK. 

Because of the criiMhing wliicli the Eocene rocks in Ilwaco 
Point have undergone, the detailed structure in difficult to de- 
termine. Observations taken on strike and dip of the inter- 
bedded shales on the eastern side of the point show an average 
strike of nearly north and south with a dip ranging hetween 
thirty and fifty degrees to the cast. Just cast of tills point 
and one-half mile east of Ilwaco prominent exposures of inter- 
bi-dded shales and sandstones outcrop on the beach. Tliese 
have an average strike of North 30^ East, and dip about 57^ 
West. There are no volcanic materials in this locality and they 
are presumably younger than the Eocene. If so, there would 
appear to be a fault trending nearly north and south tlirough 
the town of Ilwaco which has thrown the strata on tbe eastern 
side of Ilwaco Point downwards. 

LOWER COWLITZ VALLEY AREA. 
OEOCRAPIIIC DIHTBimTIOX. 

The area involved in this particular district is situated in 
the Cowlitz River valley and extends from the town of Castle 
Rock northward to VVinlock, a distance of about fifteen miles. 
The larger part of this distance is traversed by Cowlitz river 
which trends nearly north and south, but in Section 28, Town- 
ship 11 Xorth, Range 2 West, it turns abruptly and extends 
nearly due east toward the summit of the Cascades. At the 
town of Winlock, Olequah Creek occupies a wide valley, trending 
a httle west of south to the town of Vadcr where it joins Still- 
Tatcr Creek. Farther south the latttr creek empties into Cow- 
litz River. 

CilARACTBR OF OUTCROPS. 

Both sides of the valleys just mentioned are bordered by low 
wooded hills. The entire region has been more or less heavily 
rovered with Pleistocene gravels and sands. These have in part 
been subsequently cut into and removed by the existing streams. 
Along the banks of Cowlitz River and also along those of Still- 
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water and OlcKjuah creeks there arc occasional outcrops of Eo- 
cene formations. The Northern Pacific Railway grade from 
Castle Rock to Winlock lies very close to Cowlitz River and 
also to Olequah Creek. At a number of localities the railway 
cuts have exposed the Eocene strata. A traverse line has 
been extended along the railway track and also along both 
Stillwater and Olequah creeks. All of the Eocene exposures 
have been tied in so that their exact position has been located. 
Observations have been taken on strike and dip at every point 
possible and tied into the traverse line, as may be seen on Plate 
XVI. 

Beginning at the town of Castle Rock and extending north- 
Hard for a distance of two miles the only rock exposures are 
horizontally bedded gravels, clays and sands of Pleistocene age. 
Near the junction of Toutle and Cowlitz rivers basalts and 
sandy shales arc found interbedded. The basalts occur dis- 
tinctly as flows and exhibit well-defined columnar structure. 
Near the base of these flows the lava is somewhat tuffaceous and 
agglomeratic. From Toutle River northward for two miles the 
Eocene formations arc not exposed. The first outcrops en- 
countered, however, are interbedded basaltic flows and shales. 
Immediately south of the railway crossing of Cowlitz River an 
extensive basaltic flow appears having a strike of North 30^ 
West and a dip of 10^ to the northeast. After crossing Cow- 
litz River the Northern Pacific Railway grade extends along 
the west side of Stillwater Creek to the town of Vader. Ex- 
posures of Eocene rock arc to be found in the railway cuts for 
a considerable part of this distance. The formation as here 
exposed consists of interbedded marine and brackish water sand- 
stones and shales together with interbedded basalt flows. The 
prevailing strike of the formation in this vicinity is North 30° 
West with dips to the northeast ranging from 20^ to 80*^. 
This portion of the formation is stratigraphically higher than 
that just mentioned on the railway crossing on the Cowlitz and 
Toutle rivers. It lies stratigraphically below the Eocene ex- 
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posurcs extending up Stillwater Creek from its junction with 
Olequah Creek. 

From the junction of Olequah and Stillwater creeks ex- 
posures of the Eocene formation extend almost continuously 
up the former creek to Winlock. No igneous rocks of any nature 
were found in this portion of the series. The prevailing type 
of rock is a shale or sandy shale, partly marine and partly of 
brackish water origin. The strata have a predominate north- 
westerly strike with a very low average dip to the northeast. 
In section 28, Township 11 North, Range 2 West at the big 
bend in Cowlitz River, steep cliffs of shale arc exposed for a 
distance of one-half mile. These contain an extremely rich 
marine Tejon fauna represented by fossil localities Nos. 232 
and 283. The strata at this locality have a strike of 45'^ to the 
west and dip at an angle of 8° to the northeast. The interven- 
ing area between this locality and Olequah Creek is entirely 
covered with Pleistocene gravels and sand. The same strata, 
however, appear to cross Olequah Creek in Section 8, Township 
11 North, Range 2 West. At this point on Olequah Creek a 
similar, although not so complete, marine Eocene fauna occurs. 
At a point about one mile south of Winlock station in the banks 
of Olequah Creek shales are exposed, containing a marine in- 
vertebrate fauna somewhat different from the underlying Tejon. 
A number of Oligocene species occur, such as Nucula dalli n. 
sp., Solen parallelus, and MacrocalUsta pittshurgensis Dall. 
The strike of the strata at this point is North 20^ West and 
the dip 4"^ to the northeast. Just north of Winlock station 
similar strata are exposed having a strike of North 75"^ West 
and a dip of 22° to the northeast. These shales contain a 
fauna having Miocene characteristics. 

STRATIGRAPHY. 

The lowest Eocene beds exposed in the area under discus- 
sion are to be found in the railroad cuts at the Toutle River 
railway crossing. The strata outcropping from this point 
nortlm'ard to the Cowlitz river railway crossing are successive- 
ly stratigraphically higher. The same condition holds true from 
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Olequah northward to Winlock. Altogether approximately 
eight thousand feet of strata are involvud. Thf contact be- 
tween the Eocene and Miocene is at a point about one and one- 
half miles south of Winlock. Whether the two formations arc 
unconfonnablo or not, could not be determined. The strike and 
dip of the two arc approximately the same. It is possible that 
deposition went on continuously from Eocene to Miocene and 
that the non-fossil if erous shalcii intervening may be Oligocenc. 

GEOLOGIC STRUCTCJKB. 

The predominant structure in the Cowlitz Valley region is 
that of a northeasterly pitching monocline. From Castle Hock 
northward to the railway crossing at Cowhtz River the prevail- 
ing strike is nearly cast and west with a low dip ranging from 
1° to 18" to the north. At a point several hundred feet south 
of the Cowlitz River railway crossing, the Eocene strata make 
a sharp turn and strike to the northwest in a direction approxi- 
mately North 30° West, with a low dip to the northeast. At a 
point about 1,000 feet north of Vader there is a slight buckling 
of the strata in the flank of this northeasterly pitching mono- 
cline. The buckling is sufficient to form a very shallow anticline, 
trending North -tO^ West and crossing Olequah Creek about 
three-fourths of a mile north of Vader. The strata exposed at 
the axis of this buckle or anticline reappear at the surface on 
Olequah Creek near its junction with the Stillwater. 

North of Winlock Eocene exposures are heavily covered 
with Pleistocene sands and gravels. Occasional outcrops of 
sandstone occur resting horizontal. They first reappear high- 
ly tilted and pitching to the south in tiie vicinity of Cbehalis. 
It is probable that a broad synclinal trough trending northwest 
and southeast occupies the intervening area between Winlock 
and Cbehalis and that the extreme lower portion of the Oligo- 
ccne may lie in this depression. 



CHAPTER 4. 
OLIGOCENE FORMATIONS. 

GENERAL STATEMENT. 

The use of the term Oligocene as applied to marine forma- 
tions of the Pacific Coast is involved in controversv. Early 
investigators of west coast geology divided the Tertiary into 
the Eocene, Miocene and Pliocene periods. Later studies showed 
that a well defined and widely spread unconformity existed in 
the middle Miocene. Certain deposits which had formerly been 
regarded as Miocene were found to contain a fauna possessing 
Eocene as well as Miocene characteristics. Such deposits were 
finally regarded as being the same age as the Oligocene of 
Europe. At the present time there is no general agreement 
on the west coast as to where the line between the Oligocene 
and lower Miocene shall be drawn. 

In the western portion of North America extensive lacustrine 
and land deposits were in existence during the Oligocene epoch. 
From these deposits a rich fossil mammalian fauna has been 
collected. Detailed studies have been made on the evolutionary 
development of these forms of life and as a result it is possible 
to recognize several divisions of the Oligocene. Unfortunately 
up to the present time it has not been possible to correlate the 
Oligocene land deposits of the Great Basin and Rocky Moun- 
tain regions with the deposits of marine origin in western Cali- 
fornia, Oregon and Washington. 

During the past twenty years certain fossiliferous strata 
occurring at Astoria, Oregon, have been recognized as Oligo- 
cene. The shales and sandstones exposed along the south shores 
of the Strait of Juan de Fuca and at the entrance to the Brem- 
erton Navy Yard have in part been referred to as Oligocene. 
Poorly preserved faunas have been found in shales in the Coast 
Ranges south of San F'rancisco and have been described as the 
San Lorenzo formation. This formation is regarded as Oligo- 
cene and the Oligocene strata of Washington and Oregon have 
in part been correlated with it. 
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Oligocenc deposits of western Washington are for the most 
part of marine origin. They have a total aggregate thickness 
of 15,000 feet and occur along the south side of the Strait of 
Juan de Fuca, in the Puget Sound Basin and in southwestern 
Washington. Marine faunas are abundant and constitute sev- 
eral faunal zones. The term Clallam formation is applied to 

these strata. 

FAUNAL ZONES. 

Three faunal zones are recognized in the Oligocene of west- 
ern Washington. The strata containing each of these faunas 
are referred to as horizons. The faunal zones beginning with 
the oldest are the Molopophorous lincolnensis Zone, the Turri- 
tella porterensis Zone and the Acila gettysburgensis Zone. 
The corresponding sedimentary horizons identified by these 
zones are designated as the Lincoln, Porter and Blakeley. The 
faunas occurring in each of the above zones are distinct and 
many of the species do not range into the zones above or below. 
There does not seem to be sufficient evidence at the present time 
to warrant subdividing the Oligocene into three formations. 

MOLOPOPHOKOUS LINCOLNENSIS ZONE. 

The type section in which this zone occurs is situated in, 
southwestern Thurston and northwestern Lewis counties, and 
occupies an area of about 40 square miles. The distribution as 
indicated upon Plate III is only approximate. The contact lines 
have been drawn upon the basis of very poor field evidence. It is 
quite possible that certain shales occurring in Chehalis Countj' on 
Porter Creek in Sections 11 and 14, Township 17 North, Range 
5 West, may contain a fauna belonging to this zone. The sandy 
shales outcropping in the banks of Olequah Creek in Sections 28, 
29, 30, 31, 32 and 33, Township 12 North, Range 2 West, near 
Winlock, are presumably a part of the Lincoln Horizon.* The 
surface outcrops are limited and are included on Plate III with 
the Tejon formation. The covered area in Kitsap Count^', be- 
between the Eocene basalts exposed at Charleston and the shales 



♦After the printinf? of the maps Oligocene fossils were discovered. 
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and conglomerates at Rich Passage, may also in part belong 
to this horizon. 

The most characteristic species of this zone are: Acila 
ichumardi Dall, Cardium lorenzanum (Arnold), Crassatellites 
Tcashingtonensis Weaver, Glycimeris chehalisensis Weaver, Pit- 
aria dalli Weaver, ^facrocall^sta pittsburgensis Dall, Dentalium 
suhstramineu/m Conrad, Calyptraea excentrica (Gabb), Exilia 
dickersoni (Weaver), Exilia lincolnensis Weaver, Hemifusus 
'itashingtonensis Weaver, DrilUa hecoxi (Arnold), Natica lin- 
colnensis Weaver, Molopophorons lincolnensis Weaver, Strep- 
sidura Tcashingtonensis Weaver, and Turris thurstonensis 
Weaver. 

The following species are common to the marine Tejon oc- 
curring at locality 1 on Cowlitz River east of Vader and the 
Molopophorons lincolnensis Zone: Crassatellites washington- 
ensis Weaver, Leda gabhi Conrad, Solen parallelus Gabb, Den- 
ialium substramineum Gabb, Calyptraea excentrica (Gabb), 
Exilia dickersoni (Weaver), Hemifusus leashingtomnsis Weav- 
er, and Strepsidura oregonensis Dall. 

The following species are common to the Molopophorons 
lincolnensis Zone and the Turritella porterensis Zone: Cardium 
lorenzanum (Arnold), Crenella porterensis Weaver, Dentalium 
substramineum Gabb, Drillia hecoxi (Arnold), and Natica 
'icashingtonensis Weaver. 

Such forms as Marcia oregonensis Conrad, Phacoides acut- 
ilineatus Conrad, Thyasira bisecta (Conrad), and Thracia 
frapezoidea Conrad are entirely absent from the Molopophor- 
ons lincolensis Zone, although they are among the most char- 
acteristic species in the Turritella porterensis Zone at Porter. 
The fauna as a whole is distinct from the Tejon fauna below 
and the Turritella porterensis Zone above. 



t 







( 






TURRITELLA PORTERKNSIS ZONE. 



The type locality in w^hich the deposits containing this 
fauna occur is located in Grays Harbor County, in Township 17 
North, Range 5 West. Fossiliferous marine strata occur along 
the bluflFs of Chehalis River both east and west of the town of 
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Porter as well as on Porter Creek. Similar deposits occur at 
different localities on Lankner Creek to the south of Chehalis 
River in Township 17 North, Range 6 West. The faunas of 
this zone are distinctly diflferent from the underlying Molo- 
pophorous lincolnensis Zone as well as the Acila gettysburg- 
ensis Zone of the Puget Sound region. The most common 
species occurring in this zone are: Cardiv/rn lorenzanu/m (Ar- 
nold), Crenella porterensis Weaver, Malletia chehalisenMs Ar- 
nold, Marcia oregonensis (Conrad), Thracia trapezoldea Con- 
rad, Thyasira bisecta (Conrad), Phacoideg acutUvneatus (Con- 
rad), Drillia hecoxi (Arnold), Exilia liTicolensis Weaver, and 
Turritella porterensis Weaver. 

Those forms which are common to the Molopophorous lin- 
colnensis Zone and to this zone have already been mentioned. 
Many of the species occurring in this zone are very common 
to the Acila gettysburgensis Zone and it is possible that the 
extreme lower portion of the stratigraphic section exposed at 
the entrance to the Bremerton Navy Yard may be the equiva- 
lent of the upper beds at Porter. Such species as Acila gettys- 
burgensis Reagan, MacrocaUista vespertina (Conrad), Modio- 
lus directus Dall, Panope generosa (Gould), Eudolium petro- 
sum Conrad, Turcicula washingtoniana Dall, and TurriteUa 
porterensis Weaver which are very characteristic of the Acihi 
gettysburgensis Zone are entirely absent from the Turritella 
porterensis Zone. The dark colored shales exposed three miles 
west of Port Crescent in Clallam County may belong to the 
Porter Horizon. 

ACILA GETTYSBL'RGKNSIS ZONE. 

The type section of the Acila gettysburgensis Zone is to 
be found within the strata outcropping at the entrance to the 
Bremerton Navy Yard. Excellent exposures containing ma- 
rine fossils occur at the south end of Bainbridgc Island as well 
as on the opposite shore to the south. The deposits consist of 
interbedded massive conglomerates and medium grained sandy 
shales possessing a thickness of at least 9,000 feet. The lower- 
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most strata which arc exposed outcrop at Orchard Point and 
the highest on the north shores of Blakeley Harbor. Detailed 
stratigraphic surveys show that the conglomerates at Orchard 
Point are below the sandstones and shales at Bean Point on 
Bainb ridge Island and that the beds at Bean Point are about 
2,000 feet below the fossiliferous strata at Restoration Point. 
The fauna occurring within the lower portion of the Bremer- 
ton Inlet section are identical with those at the well known lo- 
cality just north of Restoration Point. 

The Acila gettysburgensis Zone is represented within the 
city limits of Seattle, Newcastle Hills, Cathcart and along the 
Strait of Juan de Fuca from a point two miles west of Gettys- 
burg westerly to a point halfway between Twin River and 
Pjsht. The conglomerates and overlying shales exposed along 
the north portion of Cape Flattery and along the Strait of 
Juan de Fuca easterly to the mouth of Sckiu River also con- 
tain faunas belonging to this zone. 

The species most common to this zone are: AcUa gettys- 
burgensis Reagan, Macrocallista vespertina (Conrad), Marcia 
oregonensis (Conrad), Modiolus rectus Dall, Panope generosa 
(Gould), Phacoides acutilincatus (Conrad), Spisula aJbaria 
(Conrad), Solemya ventricosta Conrad, Tellina oregonensis 
Conrad, Thracia trapezoidea ('onrad, Thyasira bisect a (Con- 
rad), Crepidula praerupta Conrad, Eudolvum petrosum Con- 
rad, Miopleiona indurata Conrad, Turcicida Ttmshingtoniana 
Dall, and Turritella blakeleyensis Weaver. 

A list of the species known to occur in the Oligocene and 
lower Miocene of western Washington follows. This table also 
includes a list of species occurring at the more important lo- 
calities. A reference list of the localities may be referred to 
on page 299. 
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LIST OF SPECIES 


9 

• 
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10 


12 


18 


24 


25 


29 


43 
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44 


1 
45' 53 


54 


56 


PELEOYPODA 
1 Acfla shumardl Dall 




2 Acfla ffettysborffensls Rear an 
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3 Aclla conradi Meek 
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4 ADOznla Bubcoatata Oonrad 
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5 Area trilineata Ck>nrad 
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Area znontereyana Osmont 
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7 Oardfum lorenzanum (Arnold) 
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8 OardJum cooflensis Dall 








... 1 - - - 
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9 Oardfum Uncolnensfs Weaver 




















1' 


■ r 


10 Oardlum vaaueroensfs Arnold 
























11 Ohione Becurik (Shumard) 
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12 Ohfone clallamensln Beafiran 
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13 Ohfone olympldea Beafiran 
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14 Ohione cathcartenBte Weaver 
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16 Ohione temblorensfs Anderson 
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16 Calloeallista arnoldl Weaver 
























17 OreneUa porterensls Weaver 
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18 Crassatellites washinfirtonensis Weaver.. 
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19 Orassatellites cowlltzensfs Weaver 
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20 Orassatellites llncolnensis Weaver 




















1 1 


21 Orenella washinfirtonensis Weaver 
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22 Olycimerls cbehallsensis Weaver 
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zs iiCda washingtonensis Weaver 
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24 Leda llncolnensis Weaver 
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25 Leda chehalisensis Weaver 
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26 I^da oschsneri Anderson 






















27 Macrocallista plttsbursrensls Dall 
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1 ' 


28 Macrocallista vespertina Oonrad 
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29 Marcia oregonensls (Oonrad) 
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80 Maooma secta Oonrad 
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31 Macoma nasuta Oonrad 
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32 Macoma calcaria Gmelin 
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33 Macoma clallamensls Reagan 
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34 Macoma W3moocheensls Weaver 
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36 Modiolus directus Dall 
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36 Modiolus inflatus Dall 
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37 Malletia chehalisensis Arnold 
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88 Mytlllus mathewsoni Gabb 
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39 Mytlllus sammamlshensis Weaver....... 
























40 Mytlllus snohomlsbensis Weaver 
























41 Nucula washingtonensis Weaver .' 
























42 Ostraea veatchli Gabb 
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43 Ostraea llncolnensis Weaver 
























44 Ostraea Idraensis Gabb 
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46 Panope grenerosa (Gould) 
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46 Pandora washlnetonensis Weaver 
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47 Pitaria daUi Weaver 
























48 Pecten propatulus Oonrad 
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49 Pecten fucanus Arnold 






















50 Pecten peckhami Gabb 
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51 Pecten porterensis Weaver 
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63 Phacoldes actutlllneatus (Oonrad) 
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54 Phacoldes annulatus Reeves 
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56 Solemya ventricostata Conrad 
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56 Solen curtus Conrad 
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57 Solen llncolnensis Weaver 
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59 Sptsula albarla (Conrad) 
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60 Splsula catllUformls Oonrad 




















61 Tapes staleyl Gabb 
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62 Tellina obruta Conrad 
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73 Venericardia chehalisensis Weaver 
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74 Yoldia oregona Shumard 
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75 Yoldia impressa Conrad 


• 


• 


• 














1 


76 Yoldia submontercyensls Arnold 














• 


• 


77 Yoldia sammamisheiLsLs Weaver 
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• From Tertiary Faunal Horizons of Western Washington, Dniverslty of Washington 
Publleatlon^ in (Ecology, Vol. I, No. 1, pp. 28-31. 
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LIST OP SPECIES 


9 


10 


12 


13 


24 


25 


29 


43 


44 


45 


59 


54 


56 


SOAPHAPODA 
78 Dentallum stramfneum Gabb 
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80 DeDtalluzn Dorterensls Weaver 
















GASTEROPODA j 
81 Act60clna cbebaUsensis W^ayer 
























flfi AmniilliriA nrMronAniilji THIl ,.., 
























88 BracbysDtalDfixia darkl Weaver. ' . . . 
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92 Oanoellarf a daniaoa ADdersoD 






















98 OhrvBodoinuB washlnfftonenfllfl Weaver.. 
























94 Obrvaodomus oackardl Weaver 












1 














96 Ghrvsodomus dallamensls Weaver 
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9$ Orenfdiiia nrinceps Oonrftd. ...... ^ 
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97 Oreoldula DraeruDta Ooorad..... 
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90 Chlorastoma amoldl Weaver 
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100 DrIIlIa cheballsenflls (Arnold) 
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100 PusIdus corDuIentua (Oonrad) 
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112 FlcQS oreffODenflls Oonrad 
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114 HemlfninM waflhlnfftoFu^nfrffl Weaver..... 
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138 liloDleiona Indnrat a Oonrad 
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120 Nassa chehallsensbi Weaver 


























121 Nassa andersoni Weaver 
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122 Nassa arnoldl Anderson 


























128 Natica oreffonensis Oonrad 
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124 Natica washlnetonensls Weaver 
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126 Natica llncolnensis Weaver 
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126 Natica lewlsll (CJould) 
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127 Natica olymnldll Bearan 
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180 Phallum aequlsulcatum Dall 
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134 Strepsldura oregonensis Dall 
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136 Strepsldura calif omica Arnold 
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136 SInum scopulosum Oonrad 
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138 Turrls thurstonensis Weaver 
























189 Turrls packardi Weaver 
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140 Turrls dickersoni Weaver 


























141 Turrls kincaldl Weaver 
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142 Turrls dallamensls Weaver 
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143 Turrls wynoocheensis Weaver 
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145 Turrltella oregonensis Oonrad 
















146 Turrltdla porterensis Weaver 
























147 Turrltella blakeleyensls Weaver 
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148 Turrltella newcombel Merrlam 
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149 Brachyuran remains 
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151 Foramlnfera sp 
























162 Sharks teeth 
























168 Hemlthyrls astorlana Dall 
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164 Terebratula oakvfllensls Weaver 
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165 Terebratalla ocddentalif Dan 
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OLIGOCENE AND LOWER MIOCENE— Contimeik 



LIST OP SPECIES 



PELEGYPODA 

1 Aclla shumardi Dall 

2 Adla gettysburgeDSte Reagan 

3 Acila conradi Meek 

4 Anomia Bubcostata Conrad 

5 Area trilineata Conrad 

Area montereyana Osmont 

7 Cardlum lorenzanum (Arnold) 

8 Cardlum cooAensis Dall 

9 Cardlum llneolnensls Weaver 

10 Cardlum vaqueroenste Arnold 

11 Chlone fiecurls (Shumard) 

12 Ohione rlallamen«l8 Reagan 

18 Chlone olympldea Reagan 

14 Chione cathcartensiii Weaver 

15 Chlone temblor^iste Anderson 

16 Calloealllsta arnoldi Weaver 

17 Crenella porterensis Weaver 

18 Grassatellltes washlngtonenste Weaver. 

19 CraasatelUtes cowlltzensls Weaver 

20 CraflsatelllteB Ilneolnensls Weaver 

21 Crenella washlngtonensis Weaver 

22 Qlyclmerls chehalisensls Weaver 

2a Leda washlngtonensto Weaver 

24 Leda llncolnenflla Weaver 

25 Leda cbehallsensls Weaver 

26 I^eda oschsnerl Anderson 

27 Macrocallista pittsburgensis Dall 

28 Macrocallista vespertina Conrad 

29 Marcla oregonensls (Conrad) 

90 Macoma secta Conrad 

31 Macoma nasuta Conrad 

32 Macoma calcaria Gmelln 

88 Macoma dallamensls Reagan 

34 Macoma wynooche^isis Weaver 

36 Modiolus directus Dall...: 

96 Modiolus Inflatus Dall 

87 Malletia chehallsensls Arnold 

88 Mytlllus mathewsonl Qabb 

89 Mytlllus sammamlsbensls Weaver 

40 Mytlllus snohomlshensii} Weaver 

41 Nucula washlngtonensis Weaver 

42 Ostraea veatchil Gabb 

43 Cstraea linoolensls Weaver 

44 Ostraea Idraensls Gabb 

45 Panope generosa (Gould) 

46 Pandora washlngrtonensls Weaver 

47 Pltarla dalll Weaver 

48 Fecten propatulus Conrad 

49 Peeten fucanus Arnold 

50 Pecten peekhami Gabb 

51 Pecten porterensis Weaver 

52 Pecten aloekamanensls Weaver 

58 Phacoides actutillneatus (Conrad) 

54 Phacoides annulatus Reeves 

55 Solemya ventrlcostata Conrad 

56 Solen oiutus Conrad 

57 Solen Ilneolnensls Weaver 

.58 Solen parallelus Gabb 

59 Splsula albarla (Conrad) 

00 Splsula catUllformls Conrad 

01 Tapes staleyl Gabb 

€2 Telllna obruta Conrad 

03 Telllna Ilneolnensls Weaver 

04 Telllna or^onensls Conrad 

66 Telllna aretata Conrad 

66 Tdllna conjesta Conrad 

67 Telllna nuculana Dall 

05 Telllna nevadensis Anderson 

09 Thracia trapezoldea Conrad 

70 Thracia oregonensls Dall 

71 Thyaslra biseeta (Conrad) 

72 Venerleardla subtenta (Conrad) 

78 Venerleardla ebehallsensis Weaver 

74 Toldla oregona Shumard 

79 Yoldia Impressa (Conrad 

76 Yoldia submontereyensls Arnold 

77 Yoldia sammamishensls Weaver 
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LIST OF SPECIES 
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SCAPHAPODA 
7a Tw^ntaliiiin stramlneum Gabb 




1 

1 




79 Dentalium conradi I>all 1... 
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• 
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80 Dentalium Dorterensls Weaver ' - - - 
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GASTEROPODA 
81 Actf'oclna ch<*ha1ffl<^TUii8 Weaver, -.,r.r.r-tTT, r-. 








■ > k 


. . 


1 ' 




82 AmDulllDa oresonensis Dall 













... ... ...|... ... 


88 Brachvanhincrus dark! Weaver ' . . . 1 . . . 
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84 Blttium lincolnensifl Weaver 1 
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T.ITIIOLOiiY. 

The rock materials composing the Oligocene of western 
Washington are almost entirely of marine sedimentary origin. 
Interbedded Ifivas and tuffs are absent except on the north side 
of Columbia River in Pacific County. The sedimentary rocks 
consist of shales and sandy shales together with minor amounts 
of sandstones find conglomerates. A microscopic examination 
of these materials shows them to be in part derived from older 
igneous rocks. A considerable quantity of ash is present but 
always mixed with clayey material. The source of the tuf- 
faceous materials was presumably from volcanic sources in the 
Cascades or eastern Washington. In northern Wahkiakum 
County andesitic flows were being deposited in marine cmbay- 
ments near the shore. Evidence for this is to be found in the 
sections exposed along the canyon of Nasel River. 

The conglomerates occurring within the Oligocene of Se- 
attle and at the entrance to the Bremerton Navy Yard are 
made up of pebbles ranging from the size of a pea to a foot 
or more in diameter. They are rounded and waterworn and 
composed in part of andesite and basalt and in part of sand- 
stones and shales occurring within the formation. Pebbles made 
of quartzite and granite or diorite are very rare. 

At the western end of Cape Flattery there are enormous 
belts of conglomerate in which the boulders are often over four 
feet in diameter. Commonly they are angular and only par- 
tially waterworn. They are in part composed of rocks which 
arc not known to occur within the Olympic Peninsula but which 
do occur on Vancouver Island. The most common are quartz- 
ite, slate, schist and intrusive diorites and gabbros. 
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STRATIGRAPHY. 



The more detailed facts concerning the stratigraphy are 
given in the description of the different districts in which the 
Oligocene deposits occur. It is not always possible to deter- 
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mine in the different sections just where the boundaries should 
be drawn between the three faunal zones or horizons. 

In the vicinity of Lincoln Creek, west of Centralia, massive 
sandy shales outcrop along the south bank of Chehalis River. 
Very good exposures have been made in the cuts of the O.-W. 
R. R. & N. Co. The beds are dipping at a very low angle to 
the west and southwest. Interbedded with the sandy shales are 
narrow bands of clay shale. Often the sandy shales grade into 
a shaly sandstone. To the north of Chehalis River Eocene 
sandstones outcrop at Grand Mound. The Oligocene beds at 
Lincoln Creek rest upon the Eocene sandstones but the contact 
relations are obscure. Presumably they are unconformable. 
The total thickness of the lower Oligocene strata in 'the Lin- 
coln Creek section is near 1,000 feet. 

In the region where Porter Creek joins Chehalis River, near 
the town of Porter, the total thickness of the Oligocene sedi- 
ments is about 2,000 feet. The section represents the shales 
and shaly sandstones exposed from the base of the section three 
miles north of Porter to the center of the syncline three miles 
west of Porter. These strata contain a fauna which has been 
designated as the Turritella porterensis Zone. It is possible 
that the lower 500 feet of the section may belong to the Lin- 
coln Horizon or Molopophorous lincolnensis Zone. 

In the Puget Sound region a section has been constructed 
at the entrance to the Bremerton Navy Yard. The district in- 
volved may be referred to on Plate XXIV. The strata are 
entirely of sedimentary origin. The Eocene basalts upon which 
the Oligocene sediments rest are exposed two miles southwest 
of Bremerton, on the west shore of Sinclair Inlet. The contact 
between the basalt and the base of the Oligocene is covered with 
deposits of glacial drift. The lowermost beds occur at Orchard 
Point. The upper beds outcrop on the north side of Blakeley 
Harbor. The total measured thickness of the Oligocene in this 
section is approximately 8,900 feet. 
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Top of Section. Feci, 

I A) MnsKivp coarse grained coDKlomeralic standstones. contalDinii? numer- 
ous lenticular bands of conglomerate. Occasional narrow bands of 
daj- shale are Intcrbodded. The eastward continuation of the con- 
glomerates appear in the outcrops at Blakeley Rock. The beds per- 
sistently dip to the north at a very steep angle and extend as out- 
crops from the north shore of Hlakeley Harbor northward for l,r»00 
feet l.'UK) 

<B) Sandy shales exposed beneath the waters of Blakeley Harbor 1400 

<(^) Brownish gray massive to slightly bedded shales as exposed along the 
south shore of Blakeley Harbor for a distance of one-half mile north- 
westerly. Five hundred feet stratlgi'aphlcally above the beds ex- 
posed at Restoration Point is an excellent fossil locality 2400 

(I)) Shaly sandstones grading in places Into a sandy shale. Bedding planes 
sometimes well defined. The top of this member Is situated at Kestora- 
tion Point 1200 

1 10) Shaly sandstone gradually lN>coming more sandy in depth. Bedding 

planes very distinct 4.'»0 

I V) Massive sandy .shales. Bedding planes distinct 350 

((}) Ma.ssive brownish gray coarse grained conglomeratic sandstones inter- 
bedded with bands of coarse conglomerates. Many of the iM»bbles of the 
conglomerate are composted of basalt and shale IKOO 

Total thickness 8(M>0 

The above described beds also occur in part in the exposures 
within the City of Seattle and in the Newcastle Hills. Fossils 
are fairly abundant in these strata and belong to the Acila 
gettysburgensis Zone. 

One of the most complete sections within the state occurs 
at Cape Flattery and along the Strait of Juan de Fuca. Ap- 
proximately 15,000 feet of Oligocene sediments have been de- 
posited. The basal beds are largely shales which have been 
badly contorted in places. Above these are massive conglom- 
erates forming the point of the cape. The upper part of the 
section is composed of alternating shales and sandstones. The 
detail of this area may be seen on Plate XVII. 

The following section is involved in Cape Flattery between 
the basal beds at Waatch Slough and the upper beds as ex- 
posed between Neah Bay and Sekiu River. 

Top of Cape Flattery Section. Fvvt. 

Massive sandstone 700 

Shale, but mostly covered 1>00 

Massive sandstone 175 

Shale, but mostly concealed l»00 

Massive sandstone :iuO 

Concealed r»00 
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Top of Ciipe Flattery Sec*iion. Fttt 

MaHslve brown saDdstoDt> 300 

Alternating beds of shale and sandstone 1200 

Sandstone 200 

Conglomerati* 30 

Sandstone 50 

Conglomerate 50 

Conglomerate and shah' 500 

Coarse conglomerate 300 

Shale 700 

Alternating beds of shale. uandHtone and oonglomeratc 200 

Massive sandy conglomerate 175 

Hard flinty shale 200 

Alternating shale and sandstone 300 

Interbedded conglomerate and massive sandstone 450 

Massive conglomerate 30 

Massive sandstone and intercalated conglomerate lenses 300 

Sandy conglomerate as exposed at the Caix* 1400 

Interbedded shale and sandstone 150 

Shale, but mostly concealed 500 

Banded sandy shale 200 

Interbedded conglomerate and sandstone 250 

Shale 350 

Gritty sandstone with small amounts of interl>edd<><l shale. . . . 250 

Shale 1200 

Banded brown sandstone 1 00 

Total thickness 12.8(50 

Base of Cape Flattery Section. 

CONDITIONS OF DEPOSITION. 

The Oligocene deposits of western Washington were en- 
tirely laid dow^n in marine embayinents. The character of 
faunas as well as the lithology of the sediments indicates depo- 
sition in moderately deep water. During the Oligocene the 
Cascade Mountains were not in existence. Their present site 
was a land area occupied in part by small fresh water lakes. 
Volcanic activity was more or less continuously taking place and 
the finer ashes may have in part been carried by the winds and 
dropped in the marine waters to the west. The northern Cas- 
cades were possibly much higher in elevation than the lake 
region of the central and southern Cascades. Presumably this 
region was being drained to the embay men ts of the ocean by 
streams heading in British Columbia or in eastern Washing- 
ton. A considerable part of the sediments which forms the 
marine Oligocene deposits may have been derived from this area 
and have been transported w-esterlv bv stream action. 
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The Olympic Mountains and Vancouver Island were prob- 
ably land areas. The Olympics were at least 1,000 feet lower 
in elevation than at present as marine deposits occur at that 
elevation where the wagon road from Clallam Bay to Forks 
crosses the main divide. Presumably the region had been partly 
reduced to a peneplain during the Cretaceous and Eocene and 
during the Oligocene the Strait of Juan de Fuca was depressed 
allowing marine sediments to form upon the submerged borders 
of the peneplain. 

There are insufficient exposures to the Oligocene sediments 
to determine definitely the successive extent of the seas or em- 
bajments during the epoch. Sediments containing the Acila 
gettysburgensis Zone are much more widely distributed and are 
much thicker than those of the two lower zones. Apparently 
there was a partial withdrawal of the seas at the close of the 
Eocene and new invasion at the opening of the Oligocene. The 
embayments in which the Lincoln and Porter horizons were de- 
posited were restricted in area and possibly did not cover the 
Paget Sound Basin area. During the upper Oligocene the 
larger part of western Washington west of the foothills of the 
Cascades was covered with the waters of the ocean. There may 
possibly have been a low land area connecting the Cascades 
with the Olympics in Pierce and southern Kitsap counties. 
This problem is still unsolved. 

At the close of the Oligocene there was an emergence over 
a large portion of western Washington and all of the Puget 
Sound Basin became a land area. Embayments wx^re still in 
existence in the Strait of Juan de Fuca region as well as in 
southwestern Washington. 

For purposes of detailed description western Washington 
may be divided into several provinces. The following divisions 
will be used in the discussion of the Oligocene: King County- 
Restoration Point Area; Cape Flattery-Strait of Juan de 
Fuca Area; Quimper Peninsula Area; Grays Harbor Area and 
C*olumbia River Area. 
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KING COUNTY— RESTORATION POINT AREA. 

(;p:o(}RAPni(' DiSTiaBi'TioN. 

Tlierc is a prominent spur of the Cascade Mountains in 
King County between Snoqualniie and Green rivers which ex- 
tends westerly to Lake Washington. It crosses Puget Sound 
Basin in part as a sub-glacial and in part as a submarine 
ridge. The rocks forming the ridge are of Eocene and Oligo- 
cene age. Within the Puget Sound Basin they are exposed in 
Issaquah Mountain, Newcastle Hills, the low hills of South Se- 
attle and Alki Point, the low rock cliffs at the entrance to the 
Bremerton Navy Yard, the Bald Hills of central Kitsap County 
and the foothills of the Olympic Mountains between the Ducka- 
bush and Quilcene rivers. The greater portion of this ridge 
is buried beneath an enormous deposit of glacial drift. 

The core and south flank of the ridge and spur are com- 
posed chiefly of Eocene lavas and sedimentary rocks. The 
north flank is in part composed of Oligocene sedimentary rocks. 
The most easterly Oligocene exposures occur on the eastern 
side of Lake Sammamish, in Section 16, Township ii4 North, 
Range 6 East in the side of a smaH creek. Outcrops also ap- 
pear in the logging road cuts and small canyons on the divide 
between Coal Creek and Lake Sannnammish. Farther west 
there are exposures south of Kirkland, east of Mercer Slough. 
The same rocks are well developed around the shores of Bailey 
Peninsula and from that point southward to Rainier Beach on 
the west side of Lake Washington. Similar exposures of the 
same formation have been made in the street excavations of 
Columbia City, South Seattle and Georgetown. At Alki Point 
Oligocene sandstones and shales occur tilted almost vertically 
and form a low mariiK* terrace about 15 feet above sea level. 
The rocks are exposed along the beach for a distance of ap- 
proximately 1,500 feet. Similar low rock terraces occur along 
the south shores of Bainbridge Island as well as on the opposite 
>hore of Rich Passage. The same formation appears six miles 
westerly along the shores of the narrow inlet between Bremer- 
ton and Silverdale. No more exposures occur as far as tlie 



188 Bulletin Xo. IS, Washington Geological Survey 



south end of the Quiniper Peninsula. East of Everett and 
south of Snohomish, at Fiddler Bluff, shales and sandstones of 
Oligocene age are exposed in the railroad and wagon road cuts. 
The surface formations on all sides of these outcrops for many 
miles are composed entirely of glacial drift. 

STUATIGKAPHY. 

The most complete section of the Oligocene deposits within 
the Puget Sound Basin is to be found at the entrance to the 
Bremerton Navy Yard. One generalized section has already 
been described in the general discussion of the Oligocene of 
western Washington. This section was constructed along the 
line B-B', Plate IV. 

The westerly continuation of the strata as exposed in sec- 
tion B-B' reappear in the cross section A-A'. The upper beds 
exposed at Point Glover appear to be the equivalent of the 
beds in member ((') of the section B-B'. The extreme upper 
portion of member (G) as exposed at Orchard Point is the 
westerly continuation of the narrow conglomeratic layers oc- 
curring east of Bean Point on the south end of Bainbridge 
Island. The conglomerates outcropping at Quarry Point are 
the equivalent of those exposed at Middle Point. From Middle 
Point the same beiis cross Rich Passage and appear in the 
cliffs at Fort Ward on the south shore of Bainbridge Island. 
Here they become less conglomeratic and more sandy. Near 
Restoration Point they are the equivalent of the upper portion 
of member (D). The shales and sandstones exposed between 
Point Glover and Middle Point are correlated with the sandy 
shales in member (C). The conglomerates in member (A) and 
the shales in member (B) do not appear on the south side of 
Rich Passage. It is possible that the conglomeratic sandstones 
and interbedded shales exposed near Tracyton and Phinney 
Point are the equivalent of members (A) and (B). The fol- 
lowing stratigraphic section has been measured between the 
basal beds at Orchard Point and the higher beds exposed at 
Point Glover: 
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Top of Sectiun at roint (ilovtT. Fni. 

MasHire sandy shale with poorly dt^Hnod bedding plancH loO 

8haly sandstone 7<> 

Brownish gray sandy clay shalo r)00 

Masslvo brown sandstone 10() 

Gray sandy shale 4.') 

Brown massive coarse grained sandstone (»o 

Iiiterbedded shale and sandstone, shale predominating 140 

Massive sandstone 80 

Thickly bedded shale im 

Alternating beds of thinly bedded shales and sandstone r)20 

Banded shale and sandstone, shale i)redominating 40 

Banded shale and sandstone 2<> 

Thinly bedded gray shale 70 

Massive brownish gray sandstone 40 

Thinly bedded shale .'{O 

Massive brown sandstone ;»(K) 

Mainly shale, with a few narrow bands of Int^rbedded sand- 
stone lioo 

Mainly sandstone, with a f<'w narrow bands of Interbedded 

shale :{o 

Mainly clay shale ooo 

Massive brown sandstone Grt 

Alternating layers of thinly bedded snndston«'s and shales with 

occasional bands of sandstone four to tlve fe<>t in thickness (Hi 

Massive brown sandstone, slightly banded T.'t 

Banded shale \i\ 

Thinly bedded shaly sandstone 40 

Alternating bands of thinly bedded shale and sandstone TTi 

Massive brown sandstone *J«» 

Massive brown gritty sandstone :».' 

Gray shale possessing well defined bedding 100 

Massive brown sandstone containing bands of shale ^o 

Mostly shale with a few bands of Interbedded sandstones ; 

strata largely concealed 1800 

Thinly bedded shale somewhat massive in places and contain- 
ing occasional bands of sandstone averaging one foot in 

thickness '.VIO 

Massive brownish gray sandstone containing pebbly and con- 
glomeratic bands 1400 

Massive conglomerates composed of pebbles ranging up to two 

feet in diameter and composed in part of altered basalt. . . 1.' 

Massive gritty sandstone CO 

Conglomerate 1 Ti 

Massive gritty brown sandstone- -these are the lowest strata 

exposed in the Bremerton Inlet area 70 

Thickness 761."> 





In other portions of the Paget Sound area only partial sec- 
tions can be measured. The northern and central parts of 
Seattle are composed entirely of deposits of glacial drift of 
great thickness. The southern portion of the city is in part 

built upon bed rock formations of OHgocene age. A thin layer f 

of drift is mantled over much of this. Over 1,000 feet of sand- 
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stones and shales outcrop in the eastern wall of Duwann'sh Val- 
ley between Brandon Street and Georgetown. To the north 
the bed rock surface passes rapidly below sea level and is cov- 
ered with over 800 feet of drift. To the south of Georgetown 
bedrock does not reappear for a distance of tight miles. Some- 
where within this interval the contact between the Oligocene 
and Eocene formations lies buried. 

One mile south of Georgetown, at South Park, on the west 
side of Duwamish River, three small rounded hills of sandstone 
and shale project through the alluvial covered floor of Du- 
wamish Valley. These exposures together with those at Du- 
wamish Station and Georgeto\*n indicate that Oligocene bed- 
rock exposures do not exist very deep below the floor of the 
valley. 

In the street cuts of Columbia City, in South Seattle, shales 
and sandstones are exposed having a measured thickness of 
over 2,000 feet. A similar section exists to the east on the 
Bailey Peninsula where the deposits are in part composed of 
conglomerates. The strata outcropping in both of these lo- 
calities are the eastern extension of those exposed at George- 
town as well as at the entrance to the Bremerton Naw Yard. 

(;k()looic structikk. 

In the discussion of the Eocene formations in King (bounty 
a predominating anticlinal structure was described as trending 
east and west through South Seattle. The core and south 
flank was described as being composed of lavas and Eocene 
sediments. The north flank of the anticline is in part made 
up of Oligocene sandstones and shales which have just been 
described. 

The principal structure consists of a predominating anti- 
clinal axis referred to in this report as the Newcastle anticlinal 
axis, Plate IV, trending in a somewhat sinuous fashion through 
the Newcastle Hills westerly into South Seattle. It can bo 
definitely traced from a point three miles east of Issaquah where 
it extends southwesterly to a point south of the same town. 
It crosses Issaquah Creek, passes through Squak Mountain and 
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into the Newcastle Hills. The Eocene lavas forming the core 
of the anticline outcrop on the eastern shore of Lake Wash- 
ington south of the mouth of Coal Creek. Mercer Island and 
a large portion of the hills south of Columhia City are com- 
posed mostly of glacial deposits. The probahle position of the 
anticlinal axis has been drawn upon the map, Plate IV, from 
the structural evidence afforded by the occurrence of Oligo- 
cene shales and sandstones in Columbia Citv and the Bailey 
Peninsula. 

Oligocene sediments are not known to occur on the south 
flank of the Newcastle anticline. It is possible that they may 
at one time have extended much farther to the south and have 
later been removed by erosion or the original shore line may 
have been not far south of the present Eocene-Oligocene con- 
tact. The westerly continuation of the anticlinal structure oc- 
curs in the Bald Hills of Kitsap County where it may be mono- 
clinal. 

The Oligocene sediments in the north flank of the anticline 
have been somewhat wrinkled and developed into minor folds. 
The axes of such folds hrive been inserted on Plate IV. 

A broad synclinal fold with its axis pitching to the north 
l]as been formed in the region of Lake Sannnammish. Its nose 
is about two miles south of the town of Issaquah. The strata 
involved in its eastern limb are exposed to the east of Issaquah 
at Grand Ridge and to the north in Section 13, Township ^4 
North, Range 6 East. They have a strike of North 60^ East 
and dip to the northwest. The sandstones and shales forming 
the western limb of the fold outcrop in the vicinity of tlic Su- 
perior coal mine on Tibbett's Creek and westerly at Coal Creek 
and Newcastle. Observations taken in the rock tunnels of the 
Coal Creek mine and along Coal Creek give strikes ranging 
from North 85° West to North 55^ West. The dip varies 
from 40 "" to 70° to the northeast. 

A second synclinal fold has been formed in the vicinity of 
Columbia City and South Seattle. Its axis also pitches north- 
erly. The strata involved in the eastern limb outcrop in the 
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western portion of Columbia City and along the shores of the 
Bailey Peninsula where the prevailing strike is North 70° East 
and the dip 60° to the northwest. The sandstones and shales 
exposed wijthin and to the west of Columbia City form the west- 
ern limb and have a prevailing strike North 70° West and a 
dip of 70° to the northeast. The structural conditions at the 
Bailey Peninsula and along Coal Creek suggest the presence 
of a minor anticlinal fold in the near vicinity of Mercer Island. 

A third synclinal fold lies in Duwamish Valley. Its eastern 
limb is composed of strata exposed in the bluff along the eastern 
side of Duwamish Valley from Brandon Street to Georgetown. 
Between Brandon Street and the Archer Blower Iron Works 
the beds have a strike of North 25° East and a dip of 28° to 
the northwest. To the south in the vicinity of Georgetown 
the strike is more nearly north and south. South of George- 
town the strike is North 25° West and the dip 35° to the 
southwest. The nose of the fold is near Duwamish Station. 
The western limb is formed of rock outcrops in the three hills 
at South Park and Alki Point. At the former locality the 
strike is North 50° West and the dip 50° to the northeast. 
The hills between Duwamish Valley and Admiralty Inlet are 
entirely composed of deposits of glacial drift. The structural 
conditions on the eastern side of Duwamish Valley and in the 
western part of Columbia City indicate the existence of a minor 
anticline in the ridge between. 

Excellent exposures of the Oligocene strata occur on the 
south shore of Bainbridge Island as well as to the south on 
the opposite shore. The structural relations may be seen on 
Plate XXIV. A minor anticlinal fold occurs between Point 
Glover and Middle Point on the south of Rich Passage. A 
small synclinal fold exists on the south end of Bainbridge Island 
between Pleasant Beach and Bean Point. From Point White 
westerly no Oligocene deposits are exposed as far as Tracy ton. 
In the vicinity of Tracy ton sandstones and shales outcrop along 
the water's edge for a distance of a mile. No further exposures 
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occur as far as the west side of Hood Canal with the exception 
of glacial drift. 

To the north of the area described in both King and Kitsap 
counties no bedrock outcrops at the surface. The Oligocene 
formations in the north flank of the Newcastle anticline, from 
structural conditions occurring at the surface, must extend very 
deep. Presumably there is a major synclinal trough trending 
east and west and eight or ten miles to the north of the sur- 
face exposures. Such a trough does exist between Port Dis- 
covery Bay and Quilcene Bay in Jefferson County. The strata 
involved in the south flank of this trough are the westerly con- 
tinuation of those exposed at the entrance to the Bremerton 
Navy Yard. Those on the north flank are probably the equiv- 
alent of deposits which are presumed to exist far below sea 
level in northern Kitsap and King counties. 

Between Duwamish Station and Renton and easterly to 
Cedar River folds have been formed but the strata involved are 
of Eocene age. It is possible that small outliers of Oligocene 
sediments may exist but as yet they have not been discovered. 

Fossil marine invertebrates ia.re abundant and fairly well 
preserved in certain localities in this area. There is very little 
variation in the faunas from the upper to lower beds. They 
represent the Acila gettysburgensis Zone. The Molopophorous 
lincolnensis and Turritella porterensis zones are absent or at 
least have not as yet been recognized. 
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QUIMPER PENINSULA AREA. 
GEOGRAPHIC DISTRIBUTION. 

The Quimper Peninsula forms the extreme northeastern 
corner of the Olympic Peninsula. The surface exposures over 
most of this area consist of sands, clays and gravels of glacial 
origin. At several localities along the shore and in the small 
creek canyons there are exposures of lavas and sedimentary 
rocks of Eocene and Oligocene age. The former have been 
described in the previous chapter. From Hood Head on Ad- 
miralty Inlet a belt of Eocene lava and tuffs four miles wide 
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extends northwesterly across the peninsula to the south end of 
Port Discovery Bay. They continue as a narrower belt from 
the western shore of Port Discovery Bay to Sequini Bay. These 
rocks constitute the core or axis of an anticline which to the 
east in Kitsap County does not appear at the surface. Sand- 
stones and shales of Oligocene age rest upon both the north- 
eastern and southwestern flanks. The former outcrop at the 
water's edge along the shore of Oak Bay, Scow Bay, the south- 
ern part of Port Townsend Bay and the middle shores of Port 
Discovery Bay. The latter are exposed at the south end of 
Port Discovery Bay and along the cuts of the Port Townsend 
and Southern Railway as far as Quilcene. The area between 
the railroad and the central core of Eocene lavas is largely 
covered with glacial drift. To the southwest of Quilcene Eocene 
lavas reappear as the surface exposures where not covered with 
drift. The contacts as drawn upon Plate IV are provisional 
since they are in most places concealed beneath deposits of 
drift. 

GEOLOGIC STRUCTURE. 

A synclinal and an anticlinal fold constitute the predominant 
structural feature of this area. The approximate position of 
the anticlinal fold has been described. The synclinal fold is 
to the southwest of the former and trends from southeast to 
northwest. The trough is from six to eight miles in width but 
narrows from the southeast to northwest. The strata out- 
cropping along the railroad from Quilcene to Port Townsend 
Bay form its southwestern limb. The sandstones and shales 
exposed from Crocker Lake to Fairmont on the shore of Port 
Discovery Bay are a part of the northeastern limb. This syn- 
cline is probably the northwostern continuation of the one in 
Kitsap and King counties lying north of the Newcastle anti- 
cline and buried beneath an enormous thickness of glacial drift. 
Its south limb is composed of strata which are an extension 
of the Oligocene at Bremerton Inlet, Seattle and the Newcastle 
Hills. 

About five miles northeast of Quilcene sandstones outcrop 
on the wagon road to Dabop Bay. The hills on the west side 
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of Crocker Lake have excellent exposures of shale and sand- 
stone. They strike northeast and southwest and seem to be 
passing around the nose of the syncline. 

North of Hood Head partially stratified tuffs and inter- 
calated lavas are dipping to the north at an agle of 28°. About 
one mile north of Olele Point Oligocene shales are resting upon 
the lavas and dipping north at an agle of 8°. From that point 
to the south end of Port Townsend Bay shales with alternating 
beds of sandstone have an average angle of dip to the north 
of 15°. Along the shores of the southern end of Port Town- 
send Bay and Scow Bay the sedimentary rocks are interbedded 
shales and sandstones. 

On the eastern shores of Port Discovery Bay gray sand- 
stones outcrop at the water's edge just north of Woodman Sta- 
tion. They are resting nearly flat but in places are slightly 
undulating. Ma^ssive clay shales are exposed on the opposite 
western shore jof the bay. 

Poorly preserved fossils occur scattered through the strata 
at different localities. They are most abundant north of Wood- 
man Station on Port Discovery Bay and near the north end of 
Oak Bay. The species are somewhat different from those in 
the Acila gettysburgensis Zone and seem to have closer affini- 
ties with the Turritella porterensis and Molopophorous lin- 
colncnsis Zone. 

CAPE FLATTERY-STRAIT OF JUAN DE FUCA AREA 

GEOGIIAPIIIC DISTRIBUTION. 

The area involved extends from Port Crescent westerly to 
Cape Flattery, a distance of fifty miles. The belt is six to 
eight miles in width. It forms the north coastal border of the 
Olympic Peninsula. The surface exposures are almost entirely 
composed of glacial drift. The Oligocene rock outcrops are 
confined to the shore line and the canyons of the creeks drain- 
ing to the Strait of Juan de Fuca. With the exception of the 
divide extending to Cape Flattery the average elevation is 400 
feet above sea level. The contact between the Eocene and 
Oligocene, which has been designated upon the map, Plate IV, 
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is provisional. On the const south of Cape Flattery it can be 
definitely established one mile north of Portage Head. It oc- 
curs near the falls on Hoko River in Section Si, Township 31 
North, Range l-t West. Between Hoko River and the ocean 
a detailed search has not been made. The region is heavily 
timbered and covered with glacial gravels. The contact crosses 
the Forks-Clallam Bay wagon road just south of the divide 
and continues westerly north of Solduck River to Lake Cres- 
cent. The line as drawn upon the map is only approximate and 
should not be accepted as accurate. Exposures of lava occur 
in the wagon road cuts on the north side of Lake Sutherland 
in Section 21, Township 30 North, Range 8 West. From Lake 
Sutherland the contact trends northwesterly and reaches the 
coast at a point two miles west of Port Crescent. 

GEOLOGIC KTRLCTURE. 

Both the Oligocene and Eocene deposits on the north shore 
of the Olympic Peninsula are involved in a large synclinal 
trough the axis of which trends from Lake Sutherland north- 
westerly diagonally across the Strait of Juan de Fuca. The 
northeastern limb of it is represented as a narrow fringe on 
the opposite shore of Vancouver Island. The southwestern 
limb has just been described as forming the north border of the 
Olympic Peninsula. The strata involved within it are 19,000 
feet thick, 1S,000 feet of this amount consisting of shales and 
sandstones of Oligocene age. Above these there are 4,000 feet 
of lower Miocene sandstones and shales exposed on the shore of 
the Strait of Juan de Fuca between Pysht and Clallam Bay. 

On the southwestern flank of the major syncline ten trans- 
verse minor anticlinal and synclinal folds have been developed 
between Crescent Bay and Cape Flattery. Their average trend 
is about North 15° East. The nose of the major syncline 
where the Oligocene beds rest upon the Eocene basalts is sit- 
uated in Section 19, Township 30 North, Range 8 West. The 
axis of the syncline crosses the county wagon road in Section 6, 
Township 30 North, Range 9 West, and extends northwesterly, 
intersecting the coast one mile west of Gettysburg. The shales 
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on the eastern limb have an average strike of North 60° West 
and dip to the southwest at an angle of 18°. The strata in- 
volved in the western limb have a prevailing strike of North 
75^ West with a dip ranging from 13° to 45° to the northeast. 
In the vicinity of the point where the synclinal axis emerges at 
the Strait of Juan de Fuca an anticlinal axis also emerges with 
a trend North 30° East. The strata forming the western limb 
of the anticline are exposed in the bluffs along the shore for a 
distance ten miles west of Gettysburg. The prevailing strike 
is North 60° East and the dip 13° to 45° to the northwest. 

In the bluff just west of Twin River sandy shales occur 
striking nearly north and south with a dip of 15° to the west. 
Farther to the west the first exposures encountered are about 
one and one-half miles west of Deep Creek with a strike of 
North 30° West and a dip of 30° to the southeast. On the 
basis of this evidence and a similarity of the stratigraphic sec- 
tions a synclinal trough is believed to trend nearly parallel to 
Deep River. A small anticline exists one and one-half miles 
east of Pysht. From Pysht to Clallam Bay the exposures along 
the shore of the strait are of lower Miocene age. 

From the mouth of Sekiu River to Cape Flattery the strata 
are entirely of Oligocene age. The structure is mainly mono- 
clinal. The sandstones and shales involved in the monocline 
are in reality the southwestern limb of the major syncline pre- 
viously described. Observations taken on strike and dip along 
the Clallam Bay-Forks wagon road for a distance of five miles 
from Clallam Bay give an average strike of North 60° West 
and a dip of 40° to the northeast. On Pysht River in Section 
23, Township 31 North, Range 12 West the strike is North 
35° West and the dip 32° to the northeast. Two miles south 
of this point they begin to appear along the wagon road and 
continue to the main divide. In the western part of Section 26, 
Township 31 North, Range 12 West, the strike of the shales 
ranges from North 6° West to North 30° West with a dip of 
45° to the northeast. Just south in Section 35 the strike be- 
comes North 70° West and the dip 60° to the northeast. 
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stones and slialcs outcrop in the eastern wall of Duwaniish Val- 
ley between Brandon Street and Georgetown. To the north 
the bed rock surface passes rapidly below sea level and is cov- 
ered with over 800 feet of drift. To the south of Georgetown 
bedrock does not reappear for a distance of eight miles. Some- 
where within this interval the contact between the Oligocenc 
and Eocene formations lies buried. 

One mile south of Georgetown, at South Park, on the west 
side of Duwaniish River, three small rounded hills of sandstone 
and shale project through the alluvial covered floor of Du- 
wamish Valley. These exposures together with those at Du- 
waniish Station and Georgetown indicate that Oligocenc bed- 
rock exposures do not exist very deep below the floor of the 
valley. 

In the street cuts of Columbia City, in South Seattle, shales 
and sandstones are exposed having a measured thickness of 
over ^,000 feet. A similar section exists to the east on the 
Bailey Peninsula where the deposits are in part composed of 
conglomerates. The strata outcropping in both of these lo- 
calities are the eastern extension of those exposed at George- 
town as well as at the entrance to the Bremerton Navy Yard. 

(iKOLOOIC STnUCTlRE. 

In the discussion of the Eocene formations in King (bounty 
a predominating anticlinal structure was described as trending 
east and west through South Seattle. The core and south 
flank was described as being composed of lavas and Eocene 
sediments. The north flank of the anticline is in part made 
up of Oligocenc sandstones and shales which have just been 
described. 

The principal structure consists of a predominating anti- 
clinal axis referred to in this report as the Newcastle anticlinal 
axis, Plate IV, trending in a somewhat sinuous fashion through 
the Newcastle Hills westerly into South Seattle. It can he 
definitely traced from a point three miles east of Issaquah where 
it extends southwesterly to a point south of the same town. 
It crosses Issaquah Creek, passes through Squak Mountain and 
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into tlio NfHCHstk Hills. Tin' Kncuiit; lavas foniiiiifj tlif core 
of the anticline outcrop on the eastern .shove of Lake Wash- 
ington south of the mouth of Coal Creek. Merc-er Island and 
a large portion of the hills soiitli of Colinnhia City arc com- 
posed mostiv of glacial deposits. The probalik' position of the 
aiiticliiml axis has hccn (trawii upon tlie map, Plate IV, from 
tliP structural evidence afforded by the occuireiice of Oligo- 
iviiu shales and sandstones in Columhia Citv anrl tlu' Bailey 
Peninsula. 

Oligoccnc Kcdinients arc not known to weur on the south 
flank of the Xcwcastle anticline. It is possihle that they may 
at one timo have extended much farther to the south and have 
later hecu removed by erosion or the original shore line may 
havo hecn not far south of the present Eoccne-Oligocene con- 
tact. The westerly continuation of the anticlinal structure oc- 
curs in the Bald Hills of Kitsap County whore it may he niono- 
ciinal. 

The Oligocenc sediments in the north flank of the anticline 
have been somewhat wrinkled and developed into minor folds. 
The axes of such folds have l>een inserted on Plate IV. 

A broad synclinal fold with its axis pitching to the north 
has been formed in the region of Lake Sammammish. Its nose 
is about two miles south of the town of Issaquah. The strata 
involved in its ca.stern limb are exposed to the east of Issaquah 
at Grand Ridge and to the north in Section 13, Township 24 
North, Range 6 East. They have a strike of North 60 ' Kast 
and dip to the northwest. The sandsto!Us and shales forming 
the western limb of the fold outcrop in the vicinity of the Su- 
perior coal mine on Tibbett's Creek and westerly at Coal Creek 
and Newcastle. Observations taken in t!io rock tunnels of the 
Coal Creek mine and along Coal Creek give strikes ranging 
from North 85" West to North 5-5^ West. The dip varies 
from 40" to 70° to the northeast. 

A second synclinal fold has been fonncd in the vicinity of 
Columbia City and South Seattle. It.f axis also pitches north- 
erly. The strata involved in the eastern limb outcrop in the 
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western portion of Columbia City and along the shores of the 
Bailey Peninsula where the prevailing strike is North 70° East 
and the dip 60° to the northwest. The sandstones and shales 
exposed wijthin and to the west of Columbia City form the west- 
ern limb and have a prevailing strike North 70° West and a 
dip of 70° to the northeast. The structural conditions at the 
Bailey Peninsula and along Coal Creek suggest the presence 
of a minor anticlinal fold in the near vicinity of Mercer Island. 

A third synclinal fold lies in Duwamish Valley. Its eastern 
limb is composed of strata exposed in the bluff along the eastern 
side of Duwamish Valley from Brandon Street to Georgetown. 
Between Brandon Street and the Archer Blower Iron Works 
the beds have a strike of North 25° East and a dip of 28° to 
the northwest. To the south in the vicinity of Georgetown 
the strike is more nearly north and south. South of George- 
town the strike is North 25° West and the dip 35° to the 
southwest. The nose of the fold is near Duwamish Station. 
The western limb is formed of rock outcrops in the three hills 
at South Park and Alki Point. At the former locality the 
strike is North 50° West and the dip 50° to the northeast. 
The hills between Duwamish Valley and Admiralty Inlet are 
entirely composed of deposits of glacial drift. The structural 
conditions on the eastern side of Duwamish Vallev and in the 
western part of Columbia City indicate the existence of a minor 
anticline in the ridge between. 

Excellent exposures of the Oligocene strata occur on the 
soutli shore of Bainbridge Island as well as to the south on 
the opposite shore. The structural relations may be seen on 
Plate XXIV. A minor anticlinal fold occurs between Point 
Glover and Middle Point on the south of Rich Passage. A 
small synclinal fold exists on the south end of Bainbridge Island 
between Pleasant Beach and Bean Point. From Point White 
westerly no Oligocene deposits are exposed as far as Tracyton. 
In the vicinity of Tracyton sandstones and shales outcrop along 
the water's edge for a distance of a mile. No further exposures 
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occur as far as the west side of Hood Cunal with the exception 
of glacial drift. 

To the north of the area described in both King and Kitsap 
counties no bedrock outcrops at the surface. The Oligocene 
formations in the north flunk of the Newcastle anticline, from 
structural conditions occurring at the surface, must extend very 
deep. Presumably there is a major synclinal trough trending 
east and west and eight or ten miles to the north of the sur- 
face exposures. Such a trough docs e.\ist between Port Dis- 
covery Bay and QuIIeene Bay in Jefferson County. The strata 
involved in the south flank of this trough are the westerly con- 
tinuation of those exposed at the entrance to the Bremerton 
Xavy Yard. Those on the north flank are probably the equiv- 
alent of deposits which are presumed to exist far below sea 
level in northern Kitsap and King counties. 

Between Duwamish Station and Renton and easterly to 
Cedar River folds have been formed but the strata involved are 
of Eocene age. It is po.ssiblc that small outliers of Oligocene 
sediments may exist but as yet they have not been discovered. 

Fossil marine invertebrates are abundant and fairly well 
preserved in certain localities in this area. There is very httle 
variation in the faunas from the upper to lower beds. They 
represent the Acila gettysburgcnsis Zone. The Molopophorous 
lincolncnsis and Turritella porterensis zones are absent or at 
least have not as yet been recognized. 

QUIMPER PENINSULA AREA. 
GEOGRAl-illC DISTHinuriOX. 

The Quimper Peninsula forms the extreme northeastern 
comer of the Olympic Peninsula. Tlio surface exposures over 
most of this area consist of sands, clays and gravels of glacial 
origin. At several localities along the shore and in the small 
creek canyons there are exposures of lavas and sedimentary 
rocks of Eocene and Oligocene age. The former have been 
described in the previous chapter. From Hood Head on Ad- 
miralty Inlet a belt of Eocene lava and tuffs four miles wide 
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extends northwesterly across the peninsula to the south end of 
Port Discovery Bay. They continue as a narrower belt from 
the western shore of Port Discovery Bay to Sequim Ba3^ These 
rocks constitute the core or axis of an anticline which to the 
east in Kitsap County does not appear at the surface. Sand- 
stones and shales of Oligocene age rest upon both the north- 
eastern and southwestern flanks. The former outcrop at the 
water's edge along the shore of Oak Bay, Scow Bay, the south- 
ern part of Port Townsend Bay and the middle shores of Port 
Discovery Bay. The latter are exposed at the south end of 
Port Discovery Bay and along the cuts of the Port Townsend 
and Southern Railway as far as Quilcene. The area between 
the railroad and the central core of Eocene lavas is largely 
covered with glacial drift. To the southwest of Quilcene Eocene 
lavas reappear as the surface exposures where not covered with 
drift. The contacts as drawn upon Plate IV are provisional 
since they arc in most places concealed beneath deposits of 
drift. 

GEOLOGIC STRUCTURE. 

A synclinal and an anticlinal fold constitute the predominant 
structural feature of this area. The approximate position of 
the anticlinal fold has been described. The svnclinal fold is 
to the southwest of the former and trends from southeast to 
northwest. The trough is from six to eight miles in width but 
narrows from the southeast to northwest. The strata out- 
cropping along the railroad from Quilcene to Port Townsend 
Bay form its southwestern limb. The sandstones and shales 
exposed from Crocker Lake to Fairmont on the shore of Port 
Discovery Bay are a part of the northeastern limb. This syn- 
cline is probably the northwestern continuation of the one in 
Kitsap and King counties lying north of the Newcastle anti- 
cline and buried beneath an enormous thickness of glacial drift. 
Its south limb is composed of strata which are an extension 
of the Oligocene at Bremerton Inlet, Seattle and the Newcastle 
Hills. 

About five miles northeast of Quilcene sandstones outcrop 
on the wagon road to Dabop Bay. The hills on the west side 
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northern contact has been drawn two miles north of the mouth 
of Nasel River at the base of the basaltic ridge. Oligocene 
shales outcrop at the mouth of the river and at various points 
along its course. Basalts also occur along the river at certain 
points. One of these is in Section 20, Township 11 North, 
Range 8 West in a deep canyon. The rock is an agglomeratic 
tuff with intercalated narrow tongues of lava. The lavas have 
been mapped as Eocene and the sedimentary rocks as Oligocene 
on the basis of faunas. Just above the mouth of Alder Creek 
there are a few poorly preserved fossils occurring in the tuffs 
which may be Oligocene. The Eocene-Oligocene contacts have 
been located on both the left and main forks of Grays River as 
well as on Skamokawa and Alockaman rivers. Marine Oligo- 
cene fossils occur in Section 6, Township 9 North, Range 4 
West, on the west branch of Abernathy Creek. Sediments of a 
similar character containing a similar fauna occur on Germany 
Creek, seven miles from its mouth. Doubtless small patches as 
yet undetected exist farther to the east. 

The south contact of the Oligocene and the underlying ba- 
salts crosses Alockaman River in Section 2, Township 9 North, 
Range 5 West. A narrow belt of basalt trends parallel to 
Columbia River from Skamokawa to Altoona. The contact 
with the Oligocene sediments on the north is indefinite. It is 
in part complicated by faulting. 

Massive cliffs of basalt form the cape at the north entrance 
to Columbia River. Stratigraphically above the basalts are 
tuffs and interbedded shales containing lower Oligocene fossils. 
At Fort Columbia opposite Astoria, massive tuffs are exposed 
forming the core of an anticline. Shales and massive sandstones 
rost upon them. These are presumably Eocene but no fossils 
were found to prove their age. They may possibly be inter- 
bedded with the lower Oligocene sediments. No attempt has 
been made to differentiate them from the Clallam fonnation. 
Narrow dikes of diabase cut the Oligocene strata between 
Knappton and Grays Bay. One of the largest of these dikes 
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outcrops on the north shore of Columbia River In Section 11, 
ToBTiship 9 North, Range 9 West. 

Basalts occur intercalated with the shales and sanstonos 
exposed at the south end of Long Island in Shoalwater Bay as 
well as along the shores of Long Island Slough. 

The Oligocene formations exposed in this area consist of 
massive sandy shales, and intcrhcdded narrow bands of shale and 
sandstone. Some of the shale bands are thinly bedded and oc- 
casionally calcareous. East of Knappton on the north shore of 
Columbia River small nodules occur in the shale bands. These 
are decidedly calcareous and usually contain at their centers a 
small fossil or pebble. The surface rock exposures arc usually 
deeply altered and often entirely converted to soil. 

GEOLOGIC STRUCTURE. 

The Ohgocene and lower Miocene strata of this area have 
been folded into a trough-like basin extending nearly east and 
west. Within this trough subsidiary anticlinal and synclinal 
folds have been developed all of which have a prevailing north- 
west to southeast trend. In Wahkiakum and Cowlitz counties 
the axes of the folds have an average trend of North 60° West. 
To the west in Pacific County they swing more to the north- 
west. An examination of the cliffs along the north shore of 
Columbia River indicates a syncline to intersect the shore in 
Section 1, Township 9 North, Range 9 West, The intervening 
area northward to Nasel River is barren of outcrops of such 
character that obser\'ation on strike and dip can he obtained. 
The syncline probably crosses the river in Section i. Township 
10 North, Range 9 West. From observations taken along tlic 
shore of Columbia River west of Knappton an anticline seems to 
exist with a northwesterly trend toward Shoalwater Bay. 

An examination of the small creeks emptying into Wiillicut 
River indicates the presence of a syncline between Bear River 
and Ilwaco with a trend of North 35" West. The more promi- 
nent folds of this area have been inserted on Plate III. A more 
detailed examination of the district would probably show many 
other minor folds provided sufficient rock cxpo.sures could be 
found. 
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Geologic and Structural Map Along Portion of Nasel River, 

Pacific County. 



CHAPTER V. 
MIOCENE FORMATIONS. 

OENEltAL STATEMENT. 

Recent faunal evidence indicates that a part of the deposits 
of western Washington formerly regarded by the writer as 
lower Miocene are in reality OHgocene, The extreme upper 
portion of the Clallam formation as designated upon Plate IV 
is characterized by the Area montereyana fauna. The term 
Clallam formation is now restricted to the Oligooene and the 
Area montereyana Zone or Wahkiakum Horizon is retained in 
the lower Miocene. 

There is a marked unconformity between the formations of 
the lower and upper Miocene. The former occur in Clallam 
County between Pysht and Clallam Bay as well as in Grays Har- 
bor County between Moniesano and Cosmopolis. Exposures also 
are present in Wahkiakum County on Alockaman River twche 
miles north of Cathlamet. The upper Miocene deposits are con- 
fined to the Grays Harbor region and a small area in south- 
western Clallam County near the mouth of Quillayute River. 
The total maximum thickness of the Miocene sediments is not 
over 8,000 feet. 

LOWER MIOCENE. 
GEOGRAPHIC DISTRIBUTION. 

The massive sandstones and shales outcropping along the 
shore of the Strait of Juan de Fuoa between Pysht and Clallam 
Bay contain a fauna distinct from the older Oligocene faunas 
as well from the younger upper Miocene faunas. The rocks are 
predominantly massive brownish gray sandstones which in places 
become grits or conglomerates. They exhibit distinct cross-bod- 
ding and give the appearance of having been deposited partly 
in the form of sand dunes. Carbonaceous bands occur occasion- 
ally. In Section 85, Township 32 North, Range 12 West a coal 
seam is interbedded with the massive sandstones and has at 
former times been worked on a commercial scale. The lower Mio- 
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cene deposits of this area were largely formed under shallow 
water conditions. 

The lower Miocene of the Chehalis Valley between Montesano 
and Cosmopolis is predominantly composed of massive sandy 
shales and shaly sandstones. They contain deeper water marine 
faunas than at Clallam Bay. The structural conditions oc- 
curring in this area have been described in the discussion of the 
Oligocene. The lower Miocene sandstones and shales outcrop- 
ping on the banks of Alockaman River in Wahkiakum County 
have also been referred to and described in the chapter on the 
Oligocene. 

GEOLOGIC STRUCTURE. 

Seven anticlinal and synclinal folds have been developed in 
the sandstones exposed between Pysht and Clallam Bay. One 
mile east of Pysht River an anticline trends North 15° West. 
The strata in the eastern limb strike North 10° West and dip 
55° to the northwest. Immediately west of this locality and 
east of the bluff at the mouth of Pysht River, the strike is 
North 22° East and the dip 75° northwest. 

At Pillar Point there are massive sandstones in which a 
sharp synclinal fold has been developed. The eastern limb at 
Pillar Point stands nearly vertical and in places is even over- 
turned. About one and one-half miles west of Pillar Point a 
shallow anticline has been formed with a northeasterly trend. 
The two limbs are each dipping away from the axis at angles of 
15°. From this point westerly to the northwest quarter of Sec- 
tion 31, Township 32 North, Range 13 West, the dip con- 
tinues westerly but increases to 60°. At this locality there is 
a closely folded syncline with a northeasterly trend. Both limbs 
dip 45° to the axis. Fifteen hundred feet west the same strata 
are folded into an anticline on the township line between ranges 
11 and 12. The axis is just one-half mile east of the Clallam 
Bay coal mine. The strata east of the mine strike North 12° 
East and dip 15° to the northwest. West of the mine there is 
a small local fault. Four thousand feet west of the coal mine 
the sandstones are again folded into a synclinal trough. The 
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eastern limb strikes North 26^ East and dips 15° to the north- 
west, while the western limb trends North 75° West and dips 
to the northeast at an angle of 80°. One mile west, the beds 
swing and strike North 12° East with a dip of 20° to the south- 
east. Immediately west the same strata are again folded into 
an anticline and from its axis west to Slip Point the prevailing 
strike is North 80° West with a northeasterly dip of 60°. 

A complete list of the fauna occurring within the lower I 

Miocene is included in the faunal table of the Oligocene. The ■ 

following species are among the most common within the Area J 

montereyana Zone: Area montereyana Osmont, Chione securis 
Shumard, Diplodonta parilis Conrad, Pec ten propattdus Con- 

rad, Pecten fucanus Arnold, Tellina arctata Conrad, Panope ^ 

generosa (Gould), Phacoides acutilineatus (Conrad), Spisula al- • ^ 

baria (Conrad), Tellina oregonensis Conrad, Venericardia 
quadrata Dall, Chione olympidea Reagan, Chione clallamensis 
Reagan, Ficus clallamensis Weaver, Crepidula praerupta Con- 
rad, Fusinus stanfordensis (Arnold), Polynices saxea (Con- 
rad), Siny/m scoptdosiimi Conrad, Dentalium conradi Dall and 
Aturia angustata Conrad. 

UPPER MIOCENE 
MONTESANO FORMATION. 

Geographic Distribution. 
The Montesano formation consists of an assemblage of con- 
glomerates and sandstones with subordinate amounts of shale. 
The deposits attain a maximum thickness of 5,400 feet. They 
are limited in distribution, being confined to two widely sepa- 
rated areas. The larger is situated in the Grays Harbor region 
and for the most part north of Chehalis River. The smaller is 
in southwestern Clallam County in the vicinity of the junction 
of the Soleduck and Bogachiel rivers. The exact areal limits 
of the latter are indefinitely defined. 

Lithoiogy. 
The formation in the Grays Harbor region consists of a 
thick series of moderately consolidated coarse grained, cross- * 

bedded, brownish gray sandstones which in places become gritty / 
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or even conglomeratic. The conglomeratic belts usually occur 
in the form of lenses or tongues. The sandstones often are shaly 
and in the canyon of Wishkah River pass into clay-shales. In 
the canyons of the two forks of Humptulips River interbedded 
narrow bands of shale and sandstone are common. 

In the Quillayute area shaly sandstones and gritty con- 
glomerates predpminate. Shales and sandy shales occur spar- 
ingly. The sandstones are commonly cross-bedded. No igne- 
ous materials of contemporaneous origin are known to occur. 

Stratigraphy. 

In the Grays Harbor area the upper Miocene strata have 
a maximum thickness of 6,400 feet. In the Cape Elizabeth 
section north of the mouth of Queniult River the sandstones and 
shales are 8,000 feet in thickness while in southwestern Clallam 
County similar deposits are 1,500 feet thick. Detailed sec- 
tions in these areas are included in the discussion of each district. 
In the Grays Harbor area the basal portion of the section is 
largely composed of shale or sandy shale, while the upper part 
consists of sandstones and conglomerates. The basal beds in 
the Queniult River section are chiefly brown shaly sandstones 
while the upper beds consist of alternating belts of conglomer- 
ates and sandstones containing large fragments of carbonized 
wood. In the Quillayute area the basal beds are conglomeratic 
and the upper strata more sandy or shaly. 

Fauna 

In the Grays Harbor area there is very little variation in 
the general character of the fauna from the base to the top of 
the formation. The basal beds were deposited in somewhat 
deeper water and contain some species which are absent from the 
shallow water deposits near the top. The deposits outcropping 
north of the mouth of Queniult River may be slightly younger 
than those to the south in southern Grays Harbor County. The 
same may be said for the beds at the junction of Soleduck and 
Bogachiel rivers in southwestern Clallam County. 

The term Yoldia strigata Zone is applied to the faunas oc- 
curring within the upper Miocene beds of the Grays Harbor 
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• Prom Tertiary Faunal Horizons of Western Washington, University of Washington 
Publications In Geology, Vol. I, No. 1, pp. 32-.nS. 
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UPPER MIOCENE— Concluded. 
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48 Areobucclnum coosensis Dall 
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49 Bathvtoma erabblana Dall 
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51 Buccinium bocrachiclli Reasran 
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GRAYS HARBOR AREA. 

Geographic Distribution, The upper Miocene formation in 
the Grays Harbor region lies almost entirely north of Chehalis 
River and within the drainage basin of Satsop, Wynoochee, 
Wishkah, Hoquiara and Humptulips rivers. From the Hump- 
tulips westward to the ocean all of the bedrock formations are 
covered with Pleistocene fluviatile deposits consisting of sands, 
gravels, and clays. The older Montesano formation, however, 
reappears on the Queniult Indian Reservation north of Point 
Grenville and in the vicinity of Cape Elizabeth. 

The south contact with the Oligocene is designated upon 
Plate III. Its position is only approximate and has been de- 
termined partly on a palaeontological and partly upon a lith- 
ologic basis. The eastern contact with the older Tejon basalts 
is very indefinite. The bedrock formations are in most places 
heavily covered with deposits of glacial drift. Occasionally 
small exposures of basalt or sandstone occur and it is by trac- 
ing the approximate lines between these that the contact on 
the map has been determined. 

The north contact with the Tejon basalt has been definitely 
determined at certain points as in the canyons of Wynoochee, 
Wishkah, and Humptulips rivers. Between these points its 
approximate position has been determined and located by an 
examination of the exposures in the smaller creeks. The con- 
tact presumably extends northwesterly and crosses Queniult 
River near the basalt exposures in the Burnt Hills in Section 
12, Township 22 North, Range 11 West. The western contact 
has been drawn only approximately and west of it there is no 
means of determining what the underlying formation may be. 

Character of Outcrops, The surface topography of the 
area just outlined is rolling and heavily veneered over with rusty 
colored gravels and sands. This plain has been dissected by the 
Satsop, Wynoochee, Wishkah and Humptulips rivers. Along 
the banks of these streams the bed rock is in many places ex- 
posed. The smaller creeks sometimes cut into bed rock but 
more often only into the fluviatile sands and gravels. The 
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uriginal p re-Pleistocene surface topography was undulating. 
The deeper depressions were filled with thicker accumulations 
at Pleistocene gravels and sands. Where the present rivers 
i;ut across these areas, as a rule, bed rock has not as yet been 
intersected. Where the rivers have cut down int« the older 
Formations, high blulTs are sometimes present. Occasionally 
the rivers flow in deep gorges as in the upper part of the Wy- 
loochee Valley. This is especially true farther north in the ba- 
«ltic areas. 

Steeper bluffs are situated along the south side of Chehalis 
River and excellent exposures of the formation may he seen in 
:he railway cuts and excavations. In Township 18, North, 
Elanges 7 and 6 West, very little overburden of gravel and sand 
s present. The typical coarse sandstones of the Montcsano 
Fommtions are well exhibited. A large part of the area has 
leen logged off and numerous rock cuts have been made. This 
s also true where the smaller streams emptying into Satsop 
River have cut down into bed rock. Almost continuous out- 
Tops may be seen in the logging railroad cuts along Sylvia 
"reek north of Montesano. These exposures rapidly pass into 
ioii after having been exposed for some time. On the west and 
niddle branches of Wishkah River, good outcrops occur in the 
lanks of the streams from the basalt contact on the north south- 
ward to Grand Forks. Often these appear only a few feet above 
;he bed of the streams and sometimes arc separated by gravel 
ireas so that the Montesano formation does not appear at all. 
MDiilar exposures occur on Humptulips River from the basalt 
■ontact in Section 35, Township 21 North, Range 9 West, west- 
erly to the junction with the west branch of the same river, 
from that point to Humptulips City the area through which 
he Humptulips flows is flat and gravel -cove red and no bedrock 
ilulTs occur. One mile south of Humptulips City rock e.-cposures 
vappear but from that point to its mouth they arc deeply cov- 
red with gravels and sands of Pleistocene age. 

Beginning at a point three miles east of Aberdeen the Monte- 
ano formation outcrops almost continuously to Hoquiarri and 
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bevond for some distance. Both the Wishkah and Hoquiam 
rivers have cut through it. About three miles north of this belt 
the country merges into an undulating flat-topped plain heavily 
covered with gravel. Very few bedrock exposures occur in this 
region. On the south side of Chehalis River from Cospomolis to 
West Aberdeen and for three miles south, the massive sand- 
stones of the Montesano formation are conspicuous. Farther 
south the country is heavily- timbered and covered with gravel 
and sand. 

Lithology, The upper Miocene deposits of Washington are 
largely composed of materials deposited under conditions rang- 
ing from shallow water to that of moderate depth. Coarse 
grained brownish gray sandstones prevail. Often these become 
gritty and locally pass into a fine conglomerate. Cross-bedding 
is characteristic of the series. The shales, when present, are 
generally bedded and often contain intercalated layers of sand- 
stone. Occasionally hard nodules are developed in the shales. 
The shales are fine-grained and of a bluish gray color. Typical 
examples of the sandstones may be seen in the street cuts of 
Hoquiam and Aberdeen, on Sylvia Creek back of Montesano 
and on Vance Creek between Satsop and Elma. The shales 
which are most prominent in the lower portion of the series are 
best developed on the upper courses of Wishkah River. They 
also occur on the Humptulips River above the junction of the 
west and east forks, on the latter. 

Geologic Stmcture. The prevailing structure which the 
strata of the Montesano formation assume in this area consists, 
in common with that south of Grays Harbor, of a series of 
northwest to southeast anticlinal and svnclinal folds. 

Detailed traverses were run along the Humptulips, Wish- 
kah and Wynoochee rivers. The strata were measured and the 
strikes and dips recorded. The positions of the anticlinal and 
synclinal axes have been designated upon Plate III. 

At Humptulips City in Section 7, Township 20 North, Range 
10 West, an anticline crosses the river, trending North 60° 
West. On the north limb the shales are dipping at angles 
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ranging from 60° to 78° to the northeast. On the south limb 
the dip is 35° to the southwest. How far this anticline extends 
to the northwest or southeast cannot at present be determined 
as all bedrock exposures are obscured by the overburden of 
Pleistocene gravels and sands. 

In Sections 1, 2, and 3 of the same township and range an 
anticline trends nearly parallel to the river for two miles and 
bears off to the southeast. Observations show it to cut from one 
bend of the river to another. Rock exposures are almost con- 
tinuous and observations taken on the north limb of the anti- 
cline show it to dip from 42° to 82° to the north and northeast. 
On the south limb the dip varies from 35° to 85° to the south- 
east. On both flanks the dip varies from point to point along 
the trend of the anticline. About half way between the two 
anticlines just described a synclinal trough is assumed to exist. 
No exposures are present in this region and its exact position 
and extent cannot be determined. 

In Section 20, Township 20 North, Range 8 West an anti- 
cline crosses Wishkah River, trending North 70° West. The 
north flank is pitching to the northeast at an angle ranging 
from 30° to 60°. The south limb dips 54° to the southwest 
towards the axis of a parallel sy^ncline passing through the ex- 
treme northeast comer of Section 31, same township and range. 
South from this synclinal axis for a distance of three miles, the 
strata are dipping to the northeast at angles ranging from 17^ 
to 14°. In Section 12, Township 19 North, Range 9 West an 
anticline again crosses Wishkah River trending in the same di- 
rection. South from it the gravels and sands become thicker 
and deeper and bed rock exposures in the river banks are not 
so common. 

The southeastern extension of the last anticline described, 
crosses Wynoochee River in Section 28, Township 19 North, 
Range 8 West. The intervening area between the Wynoochee 
and Wishkah rivers is largely devoid of bed rock outcrops so 
that the underlying structure cannot be definitely determined. 
To the east of Wynoochee River the outwash from the Puget 
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Sound glncinl field covurs tlie region so thickly ths 
has been made to work out definite structure. In 
North, Kwnge 7 West, exposures are fairly abun 
strata are dipping at low angles ranging from I 
the north. On the east fork of Satsop River in Sec 
!,hip 18 North, Range 5 West, the strike is Nor 
and the dip 20" southwest. It is possible that a 
eiinal trough trends northwest to southeast hetwi 
locahticB. 

Stratigraphif- The following stratjgraphic sec 
measured from exposures occurring along the ni 
Wislikah river. The ba.se of this section hes in 
Township 19 North, Range 9 West. 

tV[KIIK.Vll HIVKIl THAVKKHR 
Blul-li (traj- sUali' 



:tla »■[«•' jiray KandB 
'Iray "hab- naiiilot' 



Knndntopr (Pnimli Loo. 

Cray MiDdHlune 

Clray Hanily r-hnEo (Fonslt 
SandBton.' 



To the northwest in the lower valley of Qucni 
upper Miocene strata have been folded into a shal 
trough which pitches inland in a northeasterly dire< 
folds exist on the flanks of this syncline. In Sectii 
ship 31 North, Range 13 West, a small local syncl 
dine have hten formed whose axes trend northeas 
west. In Section 34, Township 22 North, Ran 
a small fold in the nature of a monocline paS! 
shore south of Cape Elizabeth in a northeasterly i 
fault exists trending from a point on tlie coast al 
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north of the Cape southeasterly to the big bend in Queniult 
River in the southeast quarter of Section 6, Township 9,1 North, 
Range 19, West. A block of the Hoh formation lies on the 
eastern side of the fault plane in contact with the upper Mio- 
cene strata. East of the Hoh fault block the Miocene gravels 
and sandstones again appear. The eastern portion of the 
Queniult Indian reservation affords no opportunities for de- 
termining the structural conditions of the upper Miocene strata. 
Near the mouth of Queniult River the upper Miocene strata 
are well exposed. From a point about one mile north of (-ape 
Elizabeth south to the mouth of the river a detailed strati- 
graphic section has been measured. The top of this section 
is located along the shore north of the mouth of the river and 
the base at the fault contact north of Cape Elizabeth. (Plates 
XXVI, XXVII, XXVIII and XXIX.) 

DKTAIliKD CROSS SECTION. T'l'PER MIOCENE, AT CAPE ELIZABETH. 

Top Feet 

Shaly sandstone 2 

Medium grained conglomerate 25 

Sandy shale 2 

Conglomerate 18 

Shaly sandstone 7 

Conglomerate 28 

Sandstone with lenses of conglomerate 14 

Nodular sandstone 11 

Medium grained conglomerate 5 

Hard sandstone .'] 

Conglomerate with large pebbles IS 

Shale 3 

Concretionary shale 30 

Medium grained conglomerate 12 

Shale 3n 

Coarse conglomerate s 

Sandy shale i.i 

Conglomerate 10 

Sandy shale iTi 

lioosely consolidated conglomerate 20 

Sandy shale ir> 

Medium grained conglomerate 40 

Shaly sandstone with nodules 12 

Fine conglomerate 3 

Sandy shale <> 

Conglomerate 14 

Sandstone 3 

Conglomerate 2 

Sandy shale and clay nodules 3 

Conglomerate with a few angular pebbles 3r» 

Sandy shale 10 
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M-dliim iiralnrtl mnKloni.Talf 

ShHly HanitH(ani> 1' 

«'nDKl<>in<-rati' with nn>' faj-prH ■>[ HBOdxtiiDi' i:t 

Kbaly K«ndK(uiK< 14 

■ -..nelODHTII.' 10 

Shaly HiDdsIon,' it 

HDf ivnglmnprtto 4 

I^mlDBIi'd HSiidstoDe 14 

Sort sihsly K«ndJitom> l:; 

Shalj- lUnilHlone V2 

Milium Knlnnl amKloDicralP ivntalniDjc bard clay nadnlt'H. . . II 

.MaBalvr shaLj- HBDdKioiw ^Ill 

iDtiTcalalnl KaodxroDi' and n)DKtiinii'rali- ir> 

MaxalTp «anii.v Khsii- 1:; 

Mpdlum tcnliH'd wDKioiafrate 11 

MifiHlrr miHlluni trained HnDdxIoni' coqIbIdIdr herd DiidulrH... Ill 

I'oarfu^ rnnRlomiTati- Ill 

Sodulat Hhalp 4 

Mahxiri' uiPdlirm icfaltipil nandj' Kh. 

Sandy Hhalo 

MihIIuid Krilned congloniiTate . . . 
MMlIuni Rrnlnpd Khaly sandiitanc. . 



t'lnc jiraldrd Bhaly HBndKlunl^ 

I'oarao Kritard nandntonr 

yim- roDKlumirat.' 

fhalj- sandstune 

ShaLy napdKlnDP. <«nlaliilnK (iNililv 

PiDp KfaEnrd ronglomi'ralp 

Sanrtslom' irltli jM-bblpn 

Shaly iwndKtooi' 

SandHtoTii' aad cuDRlumiTatP 

Sliali' 

Sandy i-onKlonifpali- 

TuiiBlomiTad' and saiid-"toni- 



Shalj- Hand-toncH 

Sandstonp 

Sandy sliak wlili hard, i 
ilandiHl «nndy Hharr . . . 

Sandy Khale 

BaKi- <.r HPctlon. 

Total 
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QUILLAYUTE AREA. 

Geographic Distribution, Upper Miocene strata outcrop 
at several localities in the vicinity of the junction of the Boga- 
chiel and Soleduck rivers in southwestern Clallam County in the 
central portion of Township 28 North, Range 14 West. The 
exact contact boundaries can be only approximately determined 
as the outcrops are few in number. The greater part of the 
country is covered with soil and undergrowth. It is probable 
that only one area exists and its approximate contacts have been 
indicated by broken lines on Map A, Plate IV. 

Character of Outcrops. The surface outcrops are confined 
chiefly to low bluffs on the banks of Bogachiel and Soleduck 
rivers. On the Soleduck River in Section 16, Township 28 
North, Range 14 West, outcrops of sandy shale and shaly sand- 
stone occur which in places are fossiliferous. These exposures 
are located on the left bank of the stream in cliffs about twelve 
feet in height and extend for a distance of 500 feet. They are 
covered unconformably with river gravels and boulders. A num- 
ber of similar exposures outcrop on Bogachiel River in Sections 
27, 28 and 29, same township and range. They occur in the 
form of low bluffs along the banks of the river and contain 
marine fossil molluscan remains. 

Lithology. The upper Miocene strata in this region are 
entirely of sedimentary origin and were deposited in a marine 
embay men t. They consist of sandstones, shaly sandstones and 
sandy shales. The sandstone is very compact, medium grained 
and when unweathered of light gray color. It is hard and re- 
sistant to weathering. The shales are of a brownish gray color, 
somewhat massive and weather in angular fragments. They are 
not hard, but rather tough. Occasional gravelly or gritty lay- 
ers or lenses are interbedded. The thickness has not been 
exactly determined but approximates at least 1,500 feet. 

The strata assume very low dips so that wherever exposures 
may be seen along the river banks not over ten or twelve feet of 
a section can be measured at any one place. The materials do 
not vary in the section at any particular locality, consequently'^ 
no detailed sections of the formation have been made. 
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Geologic Structure. The upper Miocene as represented in 
this region rests unoonformtiblj upon tlic Hoh formation. Ob- 
■«trv(itions taken upon outerops along Bogacliiel River show the 
prevailing strike to he approximately North 70' Wtst and the 
dip 10' to 15" to the northeast. Observations taken on Sole- 
duck River indicate a similar strike with a very low dip to the 
south. Apparently these strata have been folded so as to con- 
stitute a shallow syncline with an axis trending a little north 
of west. The urea now exposed presumably represents only the 
residual of a formerly much more extensive deposit. It is possi- 
ble that small patches may exist farther to the north which so 
far have escaped detection. The country is low and flat and 
outcrops are few. 

These sediments were deposited in a basin or inlet from the 
ocean which was developed at sonic time after the middle Mio- 
cene mountain making movements had taken place. The seas 
apparently wore not deep at any time so only shallow water 
species of molluscs arc found. The climate as interpreted by the 
types of life present was colder than during the lower Miocene, 
It was probably very similar to that of the present time. 

Fauna. The fauna consists of 20 species of Pelecypods and 
Gftstcrpods, Nearly all of these were collected from locality 
numbers 111, 118, 113, 114 and 115. The largest collection 
came from the bluffs on the sontb side of Bogacliiel River in 
Section 28, Township 28 North, Range U West, where a small 
creek enters the river from the south. Along this bluff is the 
olfl abandoned channel of Maxwell C'reek. The exposures for 
some distance up Maxfield Creek are not a part of the upper 
Miocene but rather of the Hoh formation. The following fauna 
were collected from this locality. 

PBLBCrPODA GASTEROPODA 

('airfiiiHi meti:la«yim Onlili BarcMam bogaclilelll Rcamn 

rhioHe wcMi(« Shum ChruiniilomHt fflffaiitU-a* Rpagnn 

J'tW'idf* aeutlUiualiiK Cnnrart Clin/iodomu» impaiolU Dall 

Fuldta ttrigala Dall EuUma iranhlagloiilontt Itr-nBan 

Vi,™(n c. f. coaraat Mfek Buttma umllhi nragnn 

SpUula albarla Conrad TfatUv clausa B and R 

llartra maJIngfiuia Arnold Hanrlla mniKlinlli IIi'Hkbii 

Arfa Mllntata Conrad Fol|m<ce* letciMi 

Uplnla catiUformlt Conrad Olliilla pedroaivi Tonrad 
PnluiHi-ri. iiallaani Hall 
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ese the most common species nre Sphuln atbaria, Spisula 
■nh, Chrysodomua imperalin, Ch'wnc securit, Chioiw 
im and Yoldia strigata. 

SXOQUALMIE GRANODIOHITK. 

rops of granodiorito ure exposed at the surface nt many 
I the western foothills of the Cascades. They were in 
med at or near the close of the Jurassic period and in 
ing the later portion of the Miocene epoch. The former 
n described as the Index granodiorites. The latter arc 
in eastern King t'oiinty in the valley of Snoqnahnie 
The hills between the north and south forks of Sno- 
River are largely composed of granodiorites which arc 
• into a .series of quartzites and schists of prosuninble 
esozoic Rge. Similar rocks exist to the south of the 
rk of Snoquainiie River as far as the crest of the divide 
lar River. Along the wall of Cedar River Valley the 
>ritcs are capped by flows of andesite and deposits of 
mornious thickness. Exposures of granodiorite occur 
ontinuously from North Bend easterly to the crest of 
^ade Mountains, Near the headwaters of Snoqualmie 
ar rivers the granodiorites have been studied and niap- 
;he \'. S. Geological Surrey and are designated in the 
mie Folio as the Snoquahnic granodiorite.* They are 
to Ire of late Miocene age. ()n the basis of studies made 
■ogion and on the fact that arcal exposures of the same 
m can be traced continuously from the border of the 
mie Folio westerly to the junction of the sonth and 
'orks of Snoqtialniie River, the granodiorites of this 
re regarded as of tipper Miocene age and a part of the 
Tiie granodiorite. 

Id examination of the granodiorite shows a considerable 

1 in texture and mineral composition. Basic secretions 

altered hornblende and hiotite are eonmion. Aplitic 

IS arc characteristic near the contact of the bathylith 

. G. O. and Calkins. F. C SnoqiialnUe Folio. V. H. Geological Survp)-. 
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with the overlying schists and quartzites. Away from the con- 
tact the rock possesses a somewhat uniform character. It is 
medium grained and composed of biotite and hornblende with 
plagioclase and minor amounts of quartz. Under the microscope 
the rock is seen to be largely composed of plagioclase of tlie 
oligoclase variety and biotite. Orthoclase is present in subor- 
dinate amounts. Quartz is clear and glassy and forms on the 
average about 10% of the total content of the rock. Green 
hornblende is fairly abundant but subordinate in amount to bio- 
tite. Small prisms of apatite and occasional crystals of tita- 
nite are often present. Except when unduly exposed to weather- 
ing the rock as a whole is comparatively fresh. 

ENUMCLAW VOLCANIC SERIES. 

Geographic Distribution. 

In eastern Snohomish, King and Pierce counties there are 
extensive accumulations of lava and tuff resting unconformably 
upon older quartzites, schists and granodiorites, as well as the 
Eocene and Oligocene sedimentary formations of the eastern 
portion of the Puget Sound Basin. They account in part for 
the somewhat steep escarpments along the western foothills of 
the Cascade Mountains. In King County the estuarine Eocene 
deposits outcrop in nearly all the river and creek canyons as 
far east as the western escarpment of the Cascades where they 
disappear beneath the lavas and tuffs. This contact extends 
from Fall City southerly along Raging River to Barneston and 
thence along the Northern Pacific Railway to Enumclaw and 
Carbon River. Residual patches of lava occur in many places 
to the west of the contact. The northern boundary of this vol- 
canic area extends from the town of Snoqualmie southeasterly 
along the east wall of Snoqualmie Valley to the foot of Rattle- 
snake Ledge near the town of Cedar Falls and thence up the 
northern side of Cedar River Valley. Similar lavas are exposed 
on the south side of Skykomish Valley in Snohomish County as 
far as the eastern margin of the Puget Sound Basin. In south- 
em Pierce and in Lewis counties the lavas are exposed to the 
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>.outhwost and are sometimes difficult to separate from the Ym- 
cene volcanic flows especially in those areas where glacial de- 
posits are extensive, 

Llthology, 

Rock exposures are often exhibited in the rugged and steep 
cliffs along the canyons of the rivers and creeks flowing westerly 
through the Cascades, The basal portion of the formation may 
i)c seen in the small creeks one mile south of North Bend. Gran- 
odioritcs and quartzites form the outcrops up to elevations of 
approximately 800 feet. Above the granodiorites are flows of 
badly altered basic andesite. The lower flows are somewhat 
porphyritic although the crystals arc usually small. A mi- 
croscopic examination of the fresher material shows the pres- 
ence of basic labradorite together with augitc and minor 
amounts of hornblende. The higher flows exposed in the ridge 
occur on the top of Rattlesnake Ledge and arc pitching to the 
southwest at an angle of 30". They range in character from 
a vesicular rock to a massive agglomerate. The several phases 
are interbcdded as bands of varying thickness. Kxcellcnt out- 
crops of the lavas may be observed in the canyon of Cedar 
River below Cedar Lake. They are also pitching to the south- 
west and Cedar River has cut down diagonally across the strike. 
At the site of the new Cedar River dam excavations have been 
made and the detailed character of the rocks miiy be studied. 
The rocks as exposed consist of fine grained andesitcs inter- 
calated with distinctly bedded fine grained bluish gray volcanic 
ash. The ash bands vary in coarseness of grain and often con- 
tain small pieces of pnmicc. Thick bands of tuff are present 
which contain angular fragments of pumice, vesicular lava, fine 
grained, dense glassy andesite together with fragments of car- 
bonized wood. In the bedded tuffs or clays fossil leaves arc in 
places abundant. In the vicinity of Ennmolaw the lavas are in 
the nature of acidic basalts. They occur intercalated with light 
colored tuffs which are resting nearly horizontal and possess a 
thickness of at least 1,000 feet. 
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Detailed examinations were not undertaken on the western 
slopes of the Cascades but from such observations as were made 
along the canyons of White and Green rivers the lavas and tuffs 
occur as gentle folds all of which are trending northwest and 
southeast. Along the western margin of the lava escarpment 
there is some evidence of complex and repeated faulting parallel 
to the contact. The differential resistance to erosion of the 
lavas as compared with the softer Eocene sedimentaries is in 
part responsible for the abrupt and somewhat linear termina- 
tion of the western border of the foothills of the Cascades. 

On the south side of the ridge extending from North Bend 
to Newcastle numerous intrusive dikes occur cutting the Eocene 
sedimentaries. This is especially true between Raging River 
and Issaquah Creek. It is possible that these dikes may have 
been feeders to lava flows in that region which have since been 
removed by erosion. The area is thickly covered with deposits 
of glacial drift and it may be that residuals of lava are present 
which have not as yet been observed because of the drift. 

Correlation. 

The contact between the lava series and the underlying 
granodiorites in Snoqualmie Valley is one of unconformity rather 
than intrusion. The same condition exists with respect to the 
Eocene sedimentaries and the lavas at Durham, Kanaskat and 
Enumclaw. The lava series as exposed at the above localities 
when traced easterly, directly connects with the Keechelus vol- 
canic series, as exposed along the Cascade divide in the Sno- 
qualmie Folio. The lavas as mapped in this folio have been de- 
scribed by Dr. G. O. Smith as of upper Miocene age and were 
regarded by him as older than the Snoqualmie granodiorite. 
The granodiorite is described as being intrusive into at least a 
part of the Keechelus formation. 

The lavas referred to in this report as occurring along the 
western border of the Cascade Mountains are described as the 
Enumclaw volcanic series. It is possible that they may be in 
part the equivalent of the Keechelus formation. The granodior- 
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ites south of North Bend are not intrusive into the Enumclaw 
volcanics but the lavas as exposed there may be the equivalent 
of the upper portion of the Keechelus formation as exposed near 
the summit of the Cascades. There does not seem to be any evi- 
dence at present to warrant a direct correlation of the Enum- 
claw volcanic series with the Keechelus formation although they 
are probably in part equivalent. 
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CHAPTER VI. 
PLEISTOCENE FORMATIONS. 

GENERAL STATEMENT. 

Deposits of Pleistocene age are well developed in western 
Washington. They consist of glacial drift, fossiliferous marine 
sands, clays and gravels, old stream gravels and sands, recent 
stream alluvial deposits, and sand-bar and tidal flat deposits. 
For purposes of mapping, as well as discussion, these deposits 
have been divided into two broad groups, namely, glacial mo- 
rainic deposits and terrace deposits. 

GLACIAL DEPOSITS. 
GENERAL STATEMENT. 

In this report no attempt has been made to study in detail 
the glacial deposits of western Washington except in a general 
way to note their distribution. Careful attention has been given 
to the glacial question by Bailey Willis* and J. H. Bretz**. 
The generalization here set forth is largely a summary of their 
work. 

On the geologic map accompanying this report glacial de- 
posits have been mapped only when it was impossible to deter- 
mine the probable nature of the underlying formations. (Plates 
II, III and IV.) The contact lines as drawn to limit the bound- 
aries of the drift in reality represent the boundaries between 
those areas which are covered with drift where the underlying 
bedrock is unknown and those drift covered areas where the 
underlying formations are known. 

GEOGRAPHIC DISTRIBUTION. 

Deposits of glacial origin occupy a large part of the Puget 
Sound Basin, the north and south borders of the Olympic Penin- 
sula and the north portion of the Grays Harbor region. Out- 



• Tacoma Folio No. 54, U. S. Geological Survey 1896. 
♦♦ Bulletin No. 8, Washlngrton Geological Survey, 1913. 
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wash gravels which are to be regarded as of glacial origin ex- 
tend into Grays Harbor, Thurston and Lewis counties. Local 
moruinic deposits may be found in the San Juan Islands and in 
the foothills of the Cascade Mountains. Deposits formed hy 
alpine glaciation are common in the higher elevations of both 
the Cascade and Olympic mountains. Small alpine glaciers arc 
in existence today in both of these mountain ranges at the head- 
waters of the larger stream valleys and on the slopes of the 
higher mountain peaks. 

rHAKACTEK OF i-LEISTOCKSE HI.ACEATinN IN WEHTKRN WASEIINtiTON. 

Early in the Pleistocene the Cascade Alountains had been 
elevated into their present position. The Junn de Fuca trough 
had been brought to sea level or possibly below. A series of deep 
channels having a north-south direction, had been developed in 
the Puget Sound downfold. Possibly these stream valleys may 
have been depressed sufficiently to allow the marine waters to 
enter, although we have no direct evidence that such was the 
ease. The climate had been gradually growing colder during 
the Tertiary, Precipitation probably increased. Abnormal 
precipitation in the form of snow allowed great snow fields to 
accumulate both in the Cascade Mountains and tn British Col- 
umbia. These ioe streams incroa.sod in size and flowed down 
the early Pleistocene stream valleys and coalesced in the great 
Puget Sound-Strait of Georgia plain into which they emptied, 
intimately this great plain or basin was filled so as to consti- 
tute one great field of ice. Later the ice retreated and left be- 
hind various types of glacial deposits brought down from the 
mountains by the glaciers. These deposits have been designated 
as the Admiralty till. The time interval during which the Ad- 
miralty glacier occupied the Sound region has been termed the 
Admiralty epoch. 

At the close of the Admiralty Epoch the great ice sheet be- 
gan to retreat. It finally disappeared leaving the entire Puget 
Sound region covered with detritus. During this time the region 
was being elevated, perhaps to 1,000 feet. Stream erosion be- 
came active and great valleys were cut down into the deposits 
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Figure A. — Upper Miocene Formations as BxpOBed Alons Beach 
North of Cape Elizabeth. 



FiauKE B. — Point Grenvllle, Showing Eocene Baealts on Beach at Low Tide. 
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;ladation. The time interval involved in the 
n uplift and extensive erosion and aggrada- 
he Puyallup intcrglacial epoch. All of the 
lels formed during this time are thought to 
in ant north-south trend, 
ose of the Puyallup Epoch conditions again 
»ment of great ice streams in the valleys of 
ind the Cascade Mountains of Washington. 
I the Puget Sound basin was again filled with 
of this great ice field even crowded up into 
issuing from the Olympic Mountains. To 
Ipn of the ice advanced to the already sub- 
Jlack Hills upwarp. Two great lobes were 
■ these passed to the south and east of the 
e other swung around to the west through a 
towards Matlock. Beyond the limits of the 
it the front margin of the glacier there are 
outwash gravel plains. These extend from 
terlj to Grays Harbor and from the eastern 
IS of Thurston County into northern Lewis 
a. During this maximum advance of the ice 
if the glacier oscillated back and forth so as 
; material to "over-ride the outwash 



;e is considered to have extended as a solid 
icades to the Olympics. As it began to rc- 
g away of the front margin, a great pond of 
which could not escape to the north because 
to the south because of the rock and morainic 
s streams were able to spill over the front re- 
jt out drainage channels, but not sufficiently 
As the ice field gradually retreated to the 
ime larger. It was bordered on the west by 
he east by the Cascades, on the north by the 
lie south by the rock ridge. As the lake in- 
eams from the Olympics and Cascades began 
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to drain into it. Great deltas were developed on its margin. 
These gradually extended out into the lake." The sediments laid 
down were characterized by cross-bedding. Ultimately the ice 
retreated sufficiently to the north to allow the waters of the lake 
to drain to the ocean through the Strait of Juan de Fuca. The 
Strait of Juan de Fuca had itself been filled with ice during the 
maximum extent of glaciation« The present topographic fea- 
tures of the Sound owe their origin largely to the conditions 
which prevailed during Pleistocene glaciation. The time inter- 
val during which this last ice field advanced and retreated lias 
been termed the Vashon glacial epoch. 

It is thought that the Puget Sound basin had been lowered 
from its former elevated position to nearly its present elevation 
during the time of maximum Vashon glaciation. After the ice 
had entirely retreated the region is believed to have been sub- 
merged 250 feet more. Later it was again re-elevated to ap- 
proximately its present position. The evidence for this is the 
occurence of elevated beaches containing marine shells. 

The latest diastrophic movement consisted of a slight eleva- 
tion of perhaps twenty feet above sea level so as to produce 
rock cut terraces and deposits of marine molluscan remains as 
may be seen at the entrance to the Bremerton Navy Yard and 
at Alki Point in Seattle. These marine deposits will be dis- 
cussed under the marine phase of Terrace Deposits which is to 
follow. 

TERRACE DEPOSITS. 
GENERAL STATEMENT. 

Under the general term, terrace deposits, for purposes of 
convenience in mapping, are included all deposits of Pleisto- 
cene age excepting those of definite glacial origin. More im- 
portant among these are old fluviatile deposits of Pleistocene 
age, recent alluvial deposits, products of rock decay which are 
sjtill in place, sand dunes, marine beach deposits, and tidal flat 
muds. These will be described in the order just referred to. 
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FLI VIATILE DEPOSITS. 

Under fluviatile deposits are included the sands, gravels and 
clays deposited by Pleistocene river channels at a time when the 
surface of the western portion of the state was much lower than 
at the present time. These deposits vary much in thickness as 
well as in character. They form extensive accumulations along 
the west and south margins of the Olympic peninsula, along the 
shores of Willapa and Shoalwater bays, in the Cowlitz Basin 
and in the counties bordering Columbia River. They record 
the shifting and meandering of numerous streams. After their 
deposition the entire western portion of Washington appears 
to have been uplifted and the present streams have carved their 
channels down through this earlier river wash and in places 
have cut into the underlying older Tertiary bedrock formations. 

Along the western slope of the Olympic Mountins there is 
an uplifted plain extending from Cape Flattery southward to 
Grays Harbor. This belt averages twenty miles in width and 
extends up into the western foothills of the Olympic Mountains. 
On the west it is terminated by the ocean. Lithologically these 
deposits consist of gravels, sands, and clays. The gravels arc 
composed of pebbles, largely of quartzite origin and ranging 
from one inch to over one foot in diameter. They generally 
show slight evidences of stratification. The sands, which arc 
very slightly consolidated, are commonly characterized by 
cross-bedding and often pass into coarse grits. The clays are 
commonly massive and of a bluish gray color. The sands are 
nearlj^ always stained a yellowish red. Typical examples of 
these deposits may be seen in the cliffs along the ocean shore 
line, as well as in the banks along the river channels which 
empty into the ocean. This uplifted plain at one time extended 
much farther out to sea than at present and is rapidly being 
cut into by the ocean waves. The gravel deposits sometimes 
constitute the ocean bluffs down to and below the level of the 
beach. In other places the basal contact gradually rises above 
sea level, as the older bedrock formations come into view. The 
probabilities are that if all of these deposits should be removed /" 
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from this particular region under consideration the pre-Pleisto- 
cene surface would exist largely below sea level, leaving numer- 
ous rock islands off a shore approximately twenty miles east 
of the present shore line. 

Nearly all of the area involved in the Queniult Indian Reser- 
vation and that part of Grays Harbor County west of Hump- 
tulips River south of Grays Harbor is composed of these ma- 
terials. Their base is almost entirely below sea level. These 
same deposits extend easterly from Grays Harbor and veneer 
over much of the area in the valleys of Wishkah and Wynoochee 
rivers. In eastern Grays Harbor and Mason counties they are 
replaced by gravels and sands of direct glacial origin. 

Along the shores of Willapa and Shoalwater bays there are 
cliffs ranging from 50 to 300 feet in elevation above sea level, 
composed of soft incoherent yellowish brown sands, gravels, 
and clays. They are especially prominent in the vicinity of 
Bay Center, Nemah River and Long Island. Similar deposits 
veneer over a large part of the wooded country in the low areas 
of Pacific County. On the north bank of Columbia River at the 
town of Ilwaco, horizontal beds of these deposits may be seen 
resting unconformably upon the upturned strata of the lower 
Miocene. Deposits of the same nature rest upon the Eocene 
lavas and sandstones in the vicinity of Grays Bay and eastward 
into Wahkiakum County. 

In the Cowlitz Basin, these deposits occur as terraces along 
the streams entering Cowlitz River. They generally assume a 
horizontal position. Excellent exposures may be seen immedi- 
ately south of Castle Rock and along the river and railway 
cuts northward from that point towards Olequa. Wherever 
the pre-Pleistocene topography was composed largely of ba- 
saltic rocks, angular fragments of such material enter into 
the composition of the Pleistocene deposits. In the railroad 
cuts between Castle Rock and Little Falls, numerous instances 
of this kind occur. These have been described as Pleistocene 
lava flows.* Upon examination, however, this lava is found to 
occur in irregular shaped blocks mixed with sands and river 

• Proceedings American Philosophical Society, Volume LII, No. 212, 1913. 
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gravels, showing conclusively that they have been derived from 
old rock masses of Eocene age which have been rapidly torn 
down by weathering and incorporated within the Pleistocene 
detrital material. 

On the slopes of the higher ridges south of Chehalis River, 
thin layers of yellowish brown sandy clays are found spread 
over the surface. These are in part of the same origin as the 
deposits previously mentioned and in part due to extensive long 
continued rock decay. In these instances the products of rock 
decay do not appear to have been transported any consideiable 
distance from their original place of formation. 

In those areas where basaltic lavas constitute the larger 
part of the bedrock formations this type of weathering is espe- 
cially prevalent and attains a thickness of over 50 feet. Wher- 
ever suitable exposures have been made, it is found to grade 
downwards into partially decayed basalt and ultimately into 
the fresh material. These Pleistocene fluvial deposits which 
have been uplifted above sea level assume a thickness of at least 
400 feet and grade from that downwards to a thin veneer. 

MARINE PLEISTOCENE DEPOSITS. 

Around the shores of Puget Sound there are numerous 
raised beaches elevated from fifteen to eighteen feet above sea 
level. Scattered over the surface of these beaches and embedded 
in the sands and gravels composing them are the fossil remains 
of marine molluscs consisting of species very similar to those 
now living. The Pleistocene marine gravels and sands rest un- 
conformably upon the upturned edges of the older pre-Pleisto- 
cene bedrock formations. In places they also lie upon the 
glacial deposits formed during the last glacial retreat. 

Excellent examples of these deposits may be seen around 
the shores of Restoration Point and on the south side of the 
entrance to the Bremerton Navy Yard. Similar occurrences 
exist at Alki Point in Seattle and in places as far north as the 
San Juan Islands. Deposits which are probably to be corre- 
lated with these occur on Vancouver Island. Those on the 
Saanich Peninsula north of Victoria have been described as the 
Saanich formation. 
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llECENT ALLUVIAL DEPOSITS. 

In the river valleys unconformable overlying all of the older 
pre-glacial as well as glacial formations there are deposits of 
alluvial material which are being deposited at the present time 
by streams during stages of high water. These materials con- 
sist of silts, sands and gravels sometimes intricately mixed but 
more often somewhat stratified. Examples of these may be seen 
in the Snoqualmie, Duwamish, Chehalis and Cowlitz valleys. 
Similar deposits on a smaller scale are forming along the courses 
of practically all the streams within the state. These deposits 
vary in thickness and attain a depth of over 100 feet within the 
larger valleys. In some places bedrock islands project upwards 
through the floor of the valley alluvium. Examples of this may 
be seen in Duwamish Valley in the vicinity of South Park and 
also at Duwamish Station. Other examples which might be 
cited are the rock islands projecting upward through the 
Skagit flats. 

TIDAL FLAT DEPOSITS. 

Near the mouths of the larger rivers there are broad tidal 
flats which during high tides are covered with water but during 
periods of low tide appear as extensive mud flats. Winding 
sloughs cross these. The deposits are generally composed of a 
massive bluish gray clay. The best examples of this type are 
to be found at the south end of Shoalwater Bay, Willapa Har- 
bor, Grays Harbor, the mouth of Columbia River and in many 
of the small embayments in Puget Sound. 

SAND DUNES. 

Sand dunes are confined chiefly to the Pacific coast of Wash- 
ington and Puget Sound. They occur on the long sand spit ex- 
tending northward from the mouth of the Columbia River to the 
entrance to Willapa Harbor. Another prominent sand spit ex- 
tends from the north side of the entrance to Willapa Harbor 
northward to Grays Harbor. These spits average three miles 
in width and range up to 25 feet above sea level. They are com- 
posed chiefly of wind blown sand which in many places support 
considerable vegetation. 



rHAI'THll Ml 
GEOLOGIC STRUCTURE AM) HISTORY. 

GEOLOGIC STRUCTURE. 
GENERAL STATEMENT. 

Investifitations carried on by Russell, Smith find Willis in 
the central portion of the Cascade Mountains of Washington 
show that the formations of that area have been warped into 
a scries of folds whose axes trend from southeast to northwest. 
One of these extends from Columbia Rivor along tlic axis of the 
Wenatcheo Mountains. A second trends along the Kntiat 
Mountains to the summit of the Ca.scades. A third lies south of 
Vakinia River. AH three arc approximately parallel. 

A glance at the structure map of western Washington 
accompanying this report will show three prominent structural 
features which are designated as differential elongated upwarps. 
(Plate XXX.) These appear to rank in value with those de- 
scribed by Willis and Smith on the eastern side of the Cascades, 
There is a prominent downfold extending in a north and south 
direction the length of the state, nearly at right angles to the 
upwarps. This downfold is known as the Puget Sound-Cowlit/, 
Valley depression which is a part of a well defined downfold ex- 
tending from the great valley of California to Qitccn Charlotte 
Sound. It is possible, however, that in Washington this down- 
fold may have been formed In part by north-south faulting. 

THE 8KAGIT-SAN JUANVANCOUVEK ISLAND UPWAKP. 

This prominent topographical and structural feature ex- 
tends from the south side of Skagit Valley and passes out to 
the Puget Sound depression near the mouth of Skagit River. 
It extends through the San Juan Islands and thence north- 
westerly into the heart of Vancouver Island. This apparently 
Is the northwesterly extension of the Entiat warp on the eastern 
flank of the Cascades. The formations involved along this up- 
warp are of approximately the same geologic age, viz., Carbon- 
iferous and early Mesozoic. They consist of quartzitcs, slates, 
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schists, crystalline limestones and a complex series of Mesozoic 
intrusives. A pronounced sag has been developed nearly at right 
angles to the axis of this upwarp in the region of the San Juan 
Islands. This sag is a part of the Puget Sound-Cowlitz basin 
depression. On both the north and south flanks of this upwarp 
are parallel axial downfolds, one trending along the Strait of 
Georgia towards Frazier River and the other along the Strait 
of Juan de Fuca and across Puget Sound towards the lower 
valley of Snoqualmie River. 

NEWCASTLE-OLYMPIC UPWARP. 

The position of this axial upwarp extends from the summit 
of the Cascades in the vicinity of Mt. Stuart northwesterly 
through King County and on through the Newcastle Hills and 
Seattle into Kitsap County. In Kitsap County it involves the 
Bald Hills and from there extends northwesterly through the 
main axis of the Olympic Mountains, and possibly out to Cape 
Flattery. Mt. Olympus lies along this axis. In the Newcastle 
Hills the older Eocene rocks are brought to the surface and 
above it so as to form a prominent topographic feature. The 
later Miocene rocks which overlie the Eocene are absent along 
the crest of the upwarp but are well developed to the north in 
the downwarp. In the region where the transverse Puget 
Sound depression crosses this upwarp, a sag has been developed 
and only remnants of the bedrock formation project above sea 
level. They are represented by the Eocene deposits about Du- 
wamish Station, the basaltic masses in the Bald Hills of Kitsap 
County and the upturned Oligocene formations which flank 
its north border at Bremerton Inlet. The semi-metamorphosed 
sediments of the Olympic Mountains have been highly tilted 
and the strike is approximately parallel to the trend of the axis 
of the upwarp. A pronounced downwarp lies to the north and 
parallel to the axis just described. It has been filled with Mio- 
cene sediments which in turn have been subjected to extreme 
folding. 
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The third upwarp in the western part of the state extends 
from the Cascades in Lewis County northwesterly through 
Thurston into Mason and northeastern Garys Harbor County. 
In this upwarp are involved the high mountain ridges forming 
the divide between the Cowhtz and Nisqually rivers. In Thurs- 
ton County it constitutes the low divide between Puget Sound 
and Grays Harbor. In this region it is crossed by the north- 
south Puget Sound-Cowlitz Valley depression. To the north- 
west in the Black Hills the elevations increase to over fifteen 
hundred feet. The Black Hills are composed of extensive areas 
of basalt of Eocene age. From this point the upwarp passes 
into the southern portion of the Olympic Mountains. Its rela- 
tion in the vicinity of Queniult Lake to the main Olympic axis 
has not been definitely determined. 

On the southwestern side of this upwarp in southwestern 
Washington the Eocene formations pass below sea level and are 
covered with extensive deposits of Ohgocene and Miocene age. 
These have also been folded into minor anticlines and synclines 
which may be seen on the structural map. 

Two well-defined anticlinal axes trend in a northwesterly- 
southeasterly direction through Pacific County but are not to be 
regarded as of the same importance as the three just described. 

Downwarps have already been referred to in the discussion 
of the upwarps. There are four of these in western Washington. 
The most northerly lies along the north side of Vancouver Island 
and extends into Whatcom County. Between the Skagit-Van- 
couver and the Newcastle-Olympic upwarps, there is a pro- 
nounced downfold trending parallel to the Strait of Juan de 
Fuca southeasterly into Snohomish County. Between the New- 
castle-Olympic and Black Hills upwarps there is a downfold 
whose extent has not been definitely determined. In the Puget 
Sound Basin area it is deeply filled with glacial drift deposits. 
A fourth axial downfold trends from Grays Harbor southeast- 
erly to the Cowlitz Basin. 
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ANTICLINES AND SYNCLINES. 

Upon the structural map accompanying this report have 
been platted all the important anticlinal and synclinal folds 
which could be definitely determined. These have been grouped 
into two broad divisions, viz., major and minor anticlines and 
synclines. The former includes those folds which constitute an 
important structural unit over a considerable geographical 
area. The latter are those which have been developed as minor 
folds on the flanks of or subsidiary to the major folds. One 
major anticHne designated upon the map as the Newcastle anti- 
cline passes nearly east and west through central King County. 
Its actual position as nearly as can be determined is shown on 
Map B, Plate IV. Its axis swings in a sinuous fashion but still 
maintains its nearly east to west direction. To the north there 
is a broad synclinal basin. In the eastern portion of Puget 
Sound Basin its exact position cannot be absolutely determined. 
Its northwestern extension, however, can be traced into Jeffer- 
son County as has been indicated upon Map C, Plate IV. A 
second major anticline trends across the Quimper Peninsula 
from Hood Head to Port Discovery Bay. From Lake Crescent 
in Clallam County a well-defined synclinal trough extends north- 
westerly and enters the Strait of Juan de Fuca. Its exact posi- 
tion in the Strait, of course, cannot be determined. The Van- 
couver Island shore is skirted with lower Miocene strata, dip- 
ping at low angles to the southwest, although they are in places 
involved in minor axial folds transverse to the main synclinal 
trough. Along the south side of the Strait, minor anticlinal 
and synclinal folds are well developed from Gettysburg to Cape 
Flattery. They represent minor wrinkles on the southwest limb 
of the synclinal trough. The Cape Flattery monocline ap- 
parently represents the true southwest limb. 

On Vancouver Island between Sooke Bay and Sherringham 
Point a shallow synclinal trough exists but it is apparently sub- 
sidiary to the main synclinal trough of the Strait. All of the 
above mentioned minor folds are involved in the downfold be- 
tween the Skagit-Vancouver and Newcastle-Olympic upwarps. 
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In till' vicinity of Seattle and eastward numerous transverse 
folds have been developed on the flanks of the Newcastle anti- 
chne. In the Pierce County coal fields the anticlinal and syn- 
clinal folds are pitching to the north. In the Green River area 
in King County similar folds arc pitching southward. Ap- 
parently a northwest-southeast downfold intersects them and 
trends approximately along the boundary line between King and 
Pierce counties. 

In southwestern Washington, Eocene and Alioccnc deposits 
have been folded into numerous parallel anticlines and synclines 
trending North 65° West, One major anticlinal axis trends 
from the south side of Grays Harbor to the nortlieastcm comer 
of Pacific County and along it the older Eocene basalts come 
to the surface. On the northeastern side of this fold the Mio- 
cene strata form the surface outcrops and have been folded into 
a series of parallel minor anticlines and synclines pitching 
northwesterly towards the ocean. 

Farther to the southwest a parallel major anticline trends 
from Slioalwater Bay southeasterly into Wahkiakum County. 
The core as exposed at the surface is also composed of Eocene 
basalts. Between the two major anticlines just described a 
shallow synclinal trough exists. In it only the very basal por- 
tion of the Miocene sediments are involved. To the southwest 
toward Ilwaco several smaller folds occur. The strata involved 
in them are Oligocene and they occupy a downfold. The Eocene 
basalts are again brought to the surface at Ilwaco Point. In 
the vicinity of Fort Columbia on Columbia River, basalt flows 
occur, interbedded with the lower portion of the Oligocene 
strata. These minor folds extend across Columbia River and 
may bo seen as shallow folds within the town of Astoria in 
Oregon. 

On the Pacific Coast from Grays Harbor northward to Cape 
Flattery a large number of folds have been formed in the Hob 
formation. A broad anticlinal fold extends from Forks post- 
office on the Bogacbiel River southward into JeflTcrson County. 
It.s southward extension has not been definitely determined. To 



S50 Bvlletin No. 13, Washington Geological Sun^y 

the west of this anticHnal fold a synclinal fold has been de- 
veloped approximately parallel to the coast line. The west- 
ern limb of this syncline has been developed into a series of 
transverse folds, having an average trend of North 30" East. 
Nearly all of these arc intersected by the roast line and their 
position has been definitely determined. Their true position 
may be seen by referring to Map A, Plate IV, as well as on 
the structural map, Plate XI. The above described structure 
is terminated by the long axis extending out towards Cape 
Flattery and perhaps by an extensive fault extending from 
Point of the Arches southeasterly up Soleduck River. 

TIME OF FOLDING. 

The three main structural upwarps may have been initiated 
at the close of the Jurassic. No definitely known Cretaceous 
rocks are known in the Olympic Mountains. They do, how- 
ever, skirt the north shore of Vancouver Island and extend into 
northern Whatcom County. Apparently Vancouver Island, the 
Olympic Mountains and the northern Cascades south of the 
Skagit River were land areas during the Cretaceous. The 
Eocene, Miocene and Pliocene formations are absent from the 
central portion of the Olympics and Vancouver Island. It 
would appear that deformational movements produced uplifts 
along these upwarps so as to bring a part of the sea floor above 
sea level. A transverse downfold along the Puget Sound-Co w- 
litz Valley depression perhaps was also initiated at this time. 
As a result of these earth making movements, it is probable 
that the embayments in which Eocene sediments accumulated, 
were formed. At least these movements must have helped to 
influence their distribution. Near the beginning of the Oligo- 
cene epoch movements of the crust in this part of the state seem 
to again have produced downfolding and upfolding along these 
same lines of folding. New basins of deposition were devel- 
oped, chiefly in the synclinal trough along the Strait of Juan 
de Fuca to King County and from Grays Harbor south to the 
Columbia River. 
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At the close of the Oligocene epoch the marine strata which 
had been deposited during that time were folded and uplifted 
and apparently raised high above sea level. The localities of 
greatest uplift appear to have been along the areas of the three 
upwarps as shown upon the structural map. 

Near the close of the Pliocene the Cascade Mountains were 
brought into their present position. During the elevation of 
this peneplained surface the formations were being developed 
into shallow elongated folds as indicated upon the structural 
map of western Washington. The Pliocene uplift is believed 
by the writer to have been an intensified upward movement along 
the axes . ' '.'ic same upwarps which had their beginning possibly 
at the close of the Jurassic. As a result of studies in the west- 
em part of the state it seems probable that diflFerential dia- 
strophic movements were taking place with varying intensity 
from the ^ taccous to the Pleistocene and along the same major 
lines of folding or upwarp. The times of most intense movement 
were at t'"' "'os-! of the Jurassic, the Oligocene, the lower Mio- 
cene and near the close of the Pliocene. The present topog- 
raphy and structure probably in part owes its origin to dia- 
strophic niovem'-nts initiated at or near the close of the Jurassic 
and to a continuation of those movements during the Tertiary 
in a. more or less intensified form. At the close of the Pliocene 
the most important folding occurred. 

FAULTS. 

Because of the dense covering of vegeta'.ion and of Pleisto- 
cene deposits it has been impossible to determine many faults 
which undoubtedly exist. Detailed studies have been made in 
the Kin^^ and Pier, e county coal fields and numerous faults were 
encountered. Many of these show a displacement of only a few 
feet, while others are displaced more than 1500 feet. The pre- 
vailing directions are northwest and southeast. In southwest- 
ern Washington many faults of small extent occur but are not 
of sufficient importance to be represented upon the map of a 
scale used in this report. North of Cape Elizabeth along the 
shore a fault occurs which extends southeasterly and intersects 
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Queniult River about four miles from its mouth. The upper 
Miocene strata rest against those of the older Hoh formation 
along the fault plane. 

Farther north on the coast a possible fault extends from the 
north side of Portage Head southeasterly and crosses Hoko 
River in Section 24, Township 31 North, Range 14 West. From 
that point it passes into the Olympic Mountains and has not 
been examined. A similar fault may exist on the south side o( 
Point of Arches and trends parallel to the one just mentioned, 
but the evidence is not conclusive. 

On Vancouver Island two faults occur extending nearly east 
and west. The south fault extends from Senibrio Point towards 
Victoria and separates the Eocene basalts on the south from 
the older Mesozoic metamorphics on the north. The data con- 
cerning faulting on Vancouver Island have been determined by 
Charles H. Clapp of the Canadian Geological Survey* and to 
him should be given full credit for this information. The 
basalts which were mapped by him as the Metchosin formation 
were considered to be of early Mesozoic age but Tejon fossils 
have been found in the tuff phase at Albert Head, proving it 
to be of Eocene age. It seems best to incorporate this data as 
it has a direct bearing on the structure in Washington. 

GEOLOGIC HISTORY. 

Very little data is at hand concerning the geological history 
of western Washington during the Paleozoic, especially the 
earlier half. In the northern Cascade Mountains, in the San 
Juan Islands and on Vancouver Island, an extensive series of 
metamorphic rocks are found which in places contain Crinoid 
remains. The species cannot be exactly determined but they 
strongly suggest a Carboniferous age. From the lithologic 
character of the materials occurring within these presumable 
Carboniferous strata, it is possible to imagine the probable 
geologic conditions which then existed. 

The larger portion of western Washington appears to have 
been part of an extensive marine area which was probably con- 

♦ Momoir Xiimbor 13 (toolojcloal Survey of Canada, 1012. 
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ni-cted with embaymcnts which were dcfinitoly known to exist 
in Idaho, Oregon, Nevada and California. Tlic indications on 
Vancouver Island and in the northern Cascades point to the 
occurrence of numerous islands, some of which may have hcen 
in the nature of volcanic cones. Volcanic nctivity appears to 
have taken place in this region during the Carboniferous. De- 
posits of volcanic ash as well as lavas are found interhedded 
with the Carboniferous scdimcntarics. 

At present there seems to be no way of distinguishing be- 
tween the Carboniferous and Triassic formations in the western 
part of the state. Detailed studies in the future may permit 
such distinctions to be made. As far as we are able to judge 
at present the geographical and climatic conditions during the 
Triassie were very similar to those during the Carboniferous. 
Tropical conditions prevailed during both periods. 

The Cascades at this time did not exist in their present con- 
dition. The Peshastin formation in eastern Washington, the 
Gunn Peak formation in the Skykomish valley and the old 
metamorphie rocks of the Skagit valley are presumably of the 
same age and were deposited during the ('arboniferous and Tri- 
assic. If this assumption be correct, the open seas occupied 
all of northwestern Washington, including the present site of 
the Cascades. In southwestern Washington and northwestern 
Oregon the upper surface of the Triassic and Carboniferous 
rocks is far below sea-level and is covered with an enormous 
thickness of later Tertiary formations. Nothing is known con- 
cerning the character of the Carboniferous and Triassic seas 
in that region. 

Very little is known concerning the Jurassic in western 
Washington. On the western slope of the Olympic mountains 
a thick series of semi-metamorphosed strata which have been 
designated as the Hoh formation arc provisionally assigned to 
the Jurassic. If this assumption be correct, we may consider 
the present site of the Olympic Mountains as having been un- 
der water during Jurassic time. 
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Towards the close of the Jurassic, volcanic activity began on 
an extensive scale. Great masses of igneous materials were in- 
jected into the earth's crust in the form of batholiths. These 
were first of basic or ultra basic composition. Following this 
came intrusions of granodiorite. This igneous activity in 
Washington was a phase of similar invasions which were com- 
mon to the entire Pacific Coast from Mexico to Alaska. In the 
Cascades these intrusives are represented by the great masses 
of peridotite and Mt. Stuart granodiorite, as well as the Index 
granodiorite. Accompanying this igneous activity or just fol- 
lowing it, important deformational movements began. 

No deposits of lower Cretaceous or Knoxville age are known 
within the state of Washington. The larger part of the state 
is covered with formations of a later period and it is possible 
that the lower Cretaceous may be buried beneath. In the north- 
em part of the state the upper Cretaceous or Chico strata are 
present and represent an embayment which was developed in 
British Columbia, and extended southward into San Juan and 
Whatcom counties. This sea extended over the northeastern 
part of Vancouver Island. Submergence appears to have been 
rapid during the early part of the Chico epoch but toward the 
close the seas became shallower as attested to by the massive 
sandstones and conglomerates which constitute the upper part 
of the Chico as exposed upon Vancouver Island. 

There is no definite evidence concerning the geologic and 
geographic conditions in western Washington during the early 
part of the Eocene epoch. Presumably the entire area was 
slightly elevated above sea level. In southwestern Washington 
and in the Puget Sound Basin formations of upper Eocene age 
occur which can be correlated with the Tejon formation of 
California. 

During the upper Eocene the Cascade Mountains were not 
in existence. The Olympic Mountains were presumably a land 
area of considerable elevation and were separated from the 
mountains of Vancouver Island by a downfold which at times 
was partly submerged. Early during the Tejon epoch south- 



The Terliary Formations of Western WaMngtoH 255 



wfstcm Wrtshington whs invaded b_v an embavi'io'it from the 
occjxn. The shore line ultimately reached the present site of 
the foothills of the Cascades but did not connect with the fresh 
water lakes on the eastern side. An arm of this embaynient 
extended into the Puget Sound Basin and even for some distance 
into the Strait of Juan de Fuca, Large estuaries existed to 
tlie east of the marine cmbayments and emptied into them. To 
the east in the central portion of the present site of the Cas- 
oade Mountains there were lakes whose shore lines were prob- 
ahly not far above sea level. 

During the progress of the Tejon epocli the surface of the 
land areas as well as the floor of the emhayments were under- 
going differential upward and downward movements. The 
■ihore lines were advancing and retreiitiiig. Estuariiie condi- 
tions were becoming marine for a time and then reverting hack 
to estiiarinc. Tropical climates prevailed allowing tile develop- 
ment of ft rich invertebrate marine fauna as well as a tropical 
flora. Pahus and giant ferns were growing on the low swampy 
lands bordering the estuaries and lakes. The alternate elova- 
tiuna and depressions of the land caused the growth and burial 
of tropical forests which are preserved in the form of carbon- 
aceous shales and coal seams. Occasionally basic lavas were be- 
ing erupted presumably in part through fissures and possibly in 
pjii-t through small volcanic cones. Deposits of ash and flows 
of lava were formed both on the land and upon the floors of the 
enibaynientfi. In the Cascade Mountains two large lakes were 
developed. The earlier lake basin allowed the accumulation of 
the sandstones and shales which have been described as the 
Swauk formation. This lake was finally drained presumably 
through one of the estuaries in King and Pierce counties to the 
nmrine emhayments. The deposits which had formed within it 
were slightly folded and then invaded by bu^.^ltic magmas which 
arose through numerous parallel fissures and accumulated upon 
the surface as the Teanaway basalt. Later diastrophic move- 
ments developed another drainage basin in which the sediments 
of the Roslyn formation were laid down. Later this lake was 



256 Bullet in No. IS, Washington Geological Survey 



also drained and the waters presumably found their way to the 
west into the ocean. Probably the same movements which were 
disturbing the land areas on the present site of the Cascades 
were effecting the embayments to the west. It is possible that 
the great Hthologic variations in the character of the estuarine 
sediments of King and Pierce counties may have had some con- 
nection with the draining of Swauk and Roslyn lakes of the 
central Cascades. In eastern Washington volcanic activity was 
more or less prevalent during the entire Tertiary period. In 
western Washington it was almost entirely confined to the 
Eocene epoch and to the Quaternary. This statement does not 
apply to the western foothills of the Cascade Mountains. 

Early in the Oligocene epoch there was a more general sub- 
sidence in the western part of the state. Marine embayments 
extended slightly farther east than during the Eocene epoch. 
The extensive estuaries which were in existence during the 
Eocene disappeared. The marine faunas underwent evolution- 
ary changes and many species characteristic of late Tertiary 
and recent time made their first appearance. During the prog- 
ress of Oligocene time the faunas were undergoing changes but 
even at the close of the epoch the most important genera showed 
tropical characteristics. During the later portion of the Oligo- 
cene epoch the marine embayments became most widely spread. 
The larger portion of the Puget Sound Basin became an cm- 
bayment and it is possible that the waters of the ocean gained 
access through the Strait of Juan de Fuca rather than through 
southwestern Washington. There may have been a land con- 
nection between the Olympic Mountains and the present site of 
the Cascades. 

During both the Eocene and Oligocene and probably the 
Cretaceous the Olympic Mountains were presumably undergo- 
ing vigorous erosion and possibly had reached a condition of 
peneplanation by the middle of the Oligocene epoch. Many of 
the higher peaks of the Olympic Range aro monadnocks upon 
the surface of the peneplain. 
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At the close of the Oligocenc there was n. xliglit elevation of 
he nestcrn portion of the state which resulted in the withdrawal 
i the marine enibayinents over considcrahte areas. The Pufjet 
iound Basin appears to have been entirely drained as well as 
■ large portion of the eastern Juan ile Fuea downfold. Smaller 
inbayments still existed to the north of Colunibia River in 
'acifie and Wahkiakum counties as well as in the Grays Har- 
©r region. On the whole shallow water seas prevailed and in 
hese a marine fauna ]ive<l representative of a colder climate 
han during the Oligocenc. At the close of the lower Miocene 
he entire Pacific Coast was effected by marked diastrophic 
iiovements which brought the entire western portion of Wash- 
igton above sea level. During the Oligoceiie and lower Mio- 
ene epochs a maximum of 18,000 feet of sediments were de- 
msited in marine embaymcnts. At the cIosl' of the lower Mio- 
ine these deposits were folded and uplifted. 

At the opening of the upper Miocene epoch two local em- 
laymonts were developed. One of these existed in southwestern 
lallam County near the junction of the Soldur and Bogachiel 
ivers and the other was to the east and north of Grays Har- 
wr. During most of the epoch the waters in these embaymcnts 
rtre shallow and contained a marine invertebrate fauna strik- 
ngly different from the Oligocenc and Iow'.t pliocene faunas. 
rhe coarse grained and cross bedded character of the sediments 
ndicate the existence of .sand bars or spits somewhat similar 
o those protecting Rlioalwater Bay and Grays Harbor to-day- 
iy the close of the Miocene or at least early in the Pliocene 
hese two areas were elevated above sea level. Apparently the 
and area of the state extended much farther seaward than at 
he present time. 

During the Pliocene epoch all of western as well as eastern 
Vashington was a land area. No marine deposits are known 
o occur within the state. The present site of the Cascade 
^lountains was undergoing vigorous erosion and being reduced 
oa peneplain. The Olynipie Mountains were presumably more 
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highly elevated than the Cascades but were still in a peneplain 
condition. The pre-Pleistocene topography of the Puget Sound 
Basin was being developed during this epoch. The history of 
the Pliocene in Washington is a record of diastrophism and 
erosion which at the present time is not very well known. 

At the close of the Pliocene or early in the Quaternary, 
mountain making movements were taking place throughout the 
entire Pacific Coast. The present Cascade Range of Washing- 
ton and Oregon as well as the Sierra Nevadas of California were 
uplifted. The Olympic Mountains and the major portion of 
Vancouver Island were also elevated to an elevation of at least 
5,000 feet. During the process of uplift the peneplain surface 
of the Cascades was slightly warped into a series of northwest 
and southeast shallow folds. The more important drainage 
features of the range were partly dependent upon the positions 
of these folds. In both the Cascades and Olympics the peneplain 
surfaces were immediately attacked by erosional agencies and 
the dissection of the uplifted masses begun. In the Olympic 
Mountains such peaks as Mt. Constance, Angeles, Eleanor, the 
Brothers and Olympus are residual monadnocks upon the sur- 
face of the original peneplain. The principal river valleys of 
the range have been carved down into the uplifted peneplain 
surface of the mountains. Upon the uplifted peneplain surface 
of the (Cascade Mountains volcanic cones were built up, such 
as Mts. Rainier, Baker, Adams, St. Helens and Glacier Peak. 
Volcanic peaks are entirely absent from the Olympic Moun- 
tains. The peaks in that range are composed of metamorphic 
rock which because of their resistance to erosion have been left 
as monadnocks. 

After the volcanic cones of the Cascades had been formed 
and the range had undergone vigorous erosion the greater por- 
tion of western Washington was subjected to glaciation. The 
two main advances of the ice, with the record of an interglacial 
epoch, were described in a previous chapter. 



CHAPTER VIII. 
PETROLEUM DEPOSITS. 

GENERAL STATEMENT. 
Petroleum is essentially a mixture of several organic com- 
pounds composed for the most part of hydrogen and carbon 
united in the form of hydrocarbons of variable composition. In 
association with these there are usually small amounts of oxygen, 
sulphur and nitrogen. There are various kinds of petroleum 
hut they iiro usually grouped into three classes — the paraffin 
type, the asphaltic type and the olcfine type. The paraffin types 
are the source of most of the refined petroleum. The asphaltic 
tvpes constitute a source for fuel oil and oil asphalt. The 
olrfine type Is a source for both fuel and refining purposes. 
Asphaltic oils when slowly distilled yield a dark residue of 
asphaltic material which is easily soluble in acids. Paraffin oils 
when slowly heated yield on reduction a considerable amount of 
light colored solid hydrocarbons which belong mostly to the 
paraffin series, and are not easily attacked by acids. 

N'carlv all asphaltic oils as a rule contain traces of solid 
paraffin and the majority of paraffin oils contain asphaltic 
products. As a rule crude petroleums of one type do not con- 
Uiii undue proportions of another type. All crude petroleums 
possessing either an asphaltic or paraffin character arc com- 
posed of » nu'xture of hydrocarbons of different boiling points 
and densities. The various hydrocarbons constituting such pe- 
troleums when subjected to heat are evolved whenever the tem- 
perature of their boiling points is reached. 

In most oil bearing districts in different parts of the world, 
the members of the paraffin series of hydrocarbons form one of 
the chief constituents of petroleum. The iiigher members of 
this series which are usually solid arc comparatively rare. 
Methane, CHj, is the lowest member of this series and occurs as 
a gas. It is present In .solution in large quuntities In most oils 
iind also occurs as one of the chief constituents of natural gas. 
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It is a saturated hydrocarbon and upon .analysis normally is 
found to contain 75 per cent, of hydrogen and ?5 per cent, of 
carbon. In addition to oxygen and nitrogen, other organic 
constituents which may be present in the form of ash, are cal- 
cium, iron, aluminum, copper oxide, silver, arsenic and phos- 
phorous, all of which occur only in exceedingly small amounts. 
Petroleum ranges in color from a brownish black to reddisli 
green and yellow and in specific gravity from .780 to 1.0. In 
a crude state it is a viscous liquid. 

SOURCE OF PETROLEUM DEPOSITS. 

Geologists are almost unanimously of the opinion that nearly 
all petroleum deposits are derived from organic sources and not 
from inorganic. Those who have advanced the inorganic theory 
of origin are largely chemists. Their ideas have been deduced 
from experimental data in the laboratory and not as a rule 
from the geological occurrences of such deposits in the field. 

It is believed that in most cases petroleum has arisen from 
the remains of animal life which formerly was in existence dur- 
ing past geological periods. In some cases plant life has acted 
as a source. Chemical examinations of living animal organ- 
isms show that they are composed largely of fatty materials, 
while plants are for the most part composed of cellulose. Cer- 
tain plants of low development in the biologic scale such as 
diatoms have fats as their chief constituent. Analyses of pe- 
troleum compounds show that the chemical substances enter inpr 
into them are more closely related to fats than to cellulose. 

At various times experiments have been performed in the 
laboratory to bring out certain relationships between the chem- 
ical composition of petroleum as compared with that of animal 
life. In 1888, Engler distilled 490 kilograms of fish oil and 
obtained a distillate similar to petroleum. Distillation was com- 
menced at a temperature of 320° C, under a pressure of 4 at- 
mospheres. He obtained 60% of distillate which had a specific 
gravity of 0.8105. From the distillate a light oil indistinguish- 
able from commercial kerosene was obtained. 
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In most oil benring districts there appears to be a more or 
less definite relationship between the presence of fossil animal 
remains and the strata containing the petroleum deposits. On 
the island of Trinidad there are extensive asphalt deposits which 
occur in asphalt lakes. The strata associated with these as- 
phalts contain vast numbers of micro^icopic marine organisms 
known as Foraminifcra. It is possible thut the soft organic 
tissues of these organisms after having nndergone chemical 
changes may have been the source of the petroleum. 

In Scotland there are shales heavily charged with petroleum 
fhich are known as oil shales. Upon distillation they yield 
considerable amounts of liquid petroleum. Associated with 
these shales are large quantities of fossil fish remains. There 
may have been a genetic relationship between the petroleum 
and the original soft organic fats of the fi-.h. 

In the Mississippi Basin and in the Appalachian states 
there are extensive belts of limestone of Palaeozoic age which 
fere in part formed from the hard calcareous remains of ma- 
rine animal life. These organisms origin.-iliy contained soft 
organic tissues. The oil and gas deposits of these areas are 
associated with the limestones or the overlying or underlying 
sandstones or shales. There may be a relationship between the 
petroleum and the original organic life of those regions. In 
Mexico similar relations exist between the Cretaceous limestones 
and the deposits of oil. 

The soft organic fats from fossil microscopic marine diatoms 
may have been the source of the petroleum in the oil fields of 
southern California. During the lower Miocene a portion of 
the Coast Ranges of California was an arm or embayment of 
the ocean. Within this embayment there swarmed uncountable 
numbers of diatoms. During the existence of this sea environ- 
mental conditions appear to have been favorable for the con- 
tinuous development of these forms of life. As a result a for- 
mation was built up consisting in part of deposits largely com- 
posed of the siliceous remains of diatoms. Those siliceous shales 
are known as diatomaceous shales. They have a direct rela- 
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tionship to the occurrence of petroleum deposits in the Cali- 
fornia field. Sandstones occur below, above and interbcdded 
with these shales, and wherever they come in contact with the 
diatomaceous shales or cherts, they usually contain petroleum. 
Wherever the sandstones are present and the diatomaceous 
shales are absent the former are usually barren of petroleum. 
In other words the sandstones act as a retainer for the oil and 
gas and the diatomaceous shales have been the source of supply. 
To many people there is a general impression that there 
exists a definite relationship between the occurrences of coal 
and oil. From a genetic standpoint they are unrelated. Dis- 
tillations of coal do not give rise to chemical compounds of a 
character similar to petroleum. Oil may occur in strata of 
the same geological age as coal deposits. It may even occur 
with coal but when such a condition obtains, each usually has 
been derived from a different source. 

GEOLOGIC DISTRIBUTION OF PETROLEUM DEPOSITS. 

Deposits of petroleum and gas in varying amounts have 
been found in the strata of all periods from the Cambrian to 
the Pliocene. As a rule in any one locality petroleum is usually 
confined to the strata of one or two periods. In the Appa- 
lachian and Mississippi Basin regions petroleum and natural 
gas are found in the Palaeozoic strata. During the Mesozoic 
and Tertiary these regions were largely land areas and condi- 
tions suitable for the development of petroleum did not exist. 
In Louisiana and southern Texas petroleum and gas are found 
in the Cretaceous, Eocene and Miocene strata. On the Pacific 
coast of California there exist strata of Palaeozoic, Mesozoic 
and Tertiary age. The Palaeozoic formations occur only in 
scattered areas and are almost barren of petroleum and gas. 
There are enormous thicknesses of Cretaceous and Tertiary 
rock in the Coast Ranges. Nearly all the petroleum deposits 
occur within the Tertiary formations. 

Examinations which have been made of oil bearing districts 
in different parts of the world indicate definitely that petroleum 
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may occur in strata of any geologic period. During any one 
period, geologic conditions in one locality may have been favor- 
iihlt-- for the formation and accumulation of oil and gas and 
In some other locality perhaps not far away those conditions did 
not exist. The result is that the rocks formed at the same time 
in one locality may be entirely barren and in another contain 
rich deposits of oil. 



Geologic structure has a very important bcartnR upon the 
occurrence of oil and gas. When present in any region they 
are usually associated with sedimentary rocks. They arc very 
generally absent from igneous or metamorphic rocks. Sedimen- 
tary strata are usually composed of alternating layers of .sand- 
stone, conglomerate, shale and sometimes limestone. Very often 
these grade into one another. In most regions oil bearing or 
other strata are sometimes thoroughly permeated with water 
which tends to flow as an underground current. In many cases, 
especially in oil producing di.stricts, this water is heavily 
charged with chlorides. Sandstone is a much more porous rock 
tlian shale and if oil or water, or both, are present thev accunui- 
late in it to a greater extent than in the shale, which acts as an 
impervious layer. As the water and oil circulate through the 
sandstone zones they tend to partially separate according to 
the laws of gravity. 

As a result of investigations which have been carried on 
in many parts of the world it has been demonstrated that there 
arc very few instances where sedimentary rocks lie absolutely 
horizontal. At the present time almost no part of the earth's 
crust is remaining entirely stationary. Differential movements 
are taking place resulting in depression in some localities and 
elevation in others. Sometimes these movements arc extremely 
slow and at other times they take place with considerable rapid- 
ity. The combined result of such disturbances is to throw orig- 
inally horizontal strata into wavelikc undulations. These are 
generally referred to as folds and the npward portion of them 
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as anticlines. The lower or downfolded portions are spoken of 
as syncHnes. The line on the surface following the highest 
points of an anticlinal fold is known as an anticlinal axis. The 
angle of slope of the strata on the flanks of an anticline may 
range from less than one degree to ninety degrees. Sometimes 
originally horizontal strata may be slightly bulged upward to- 
ward a point on the surface. The structure of such a mass 
would appear similar to a very much flattened cone and the 
angle of slope of the surface of the cone might vary slightly 
from place to place. Such structures occurring in nature are 
known as domes. 

When a series of horizontal strata such as have already 
been described contain water or oil or both, are capped over 
with impervious shale layers and are then folded into domes or 
anticlines, the water and oil will tend to circulate along the 
undulations of the strata. They also tend to maintain the 
same gravity relations as they formerly did when the strata 
were horizontal. To a certain extent the water circulates below 
and the oil above. After the strata have been folded the oil 
will tend to rise to the highest points possible in the undulating 
layers of sandstone, and that will be beneath the axes of the 
anticlines or the apices of the domes. The result is that as 
the oil and water circulate in the undulating stratum of sand- 
stone a large portion of the petroleum will accumulate toward 
the axis of the upfold leaving less and less in the downfold or 
syncline. As a result whenever a well is bored at some point 
along the axis of an anticline or on the upper portion of a dome 
and an oil bearing sandstone is tapped, petroleum and gas 
may rush to the surface in the form of a o-usher or it may be 
necessary to extract it by pumping. If a well be bored along 
the axis of a syncline and the oil bearing sandstone zone be 
reached salt water instead of oil may be obtiiined. These facts 
have been recognized in practically all the oil producing fields 
of the world. Such field data as will record the position of 
anticlines and synclincs is among the most important which a 
geologist socks in making an examination of an oil district. 
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In a few inNtanccs it happens that there arc oil hearing; 
sandstones in which petroleum deposits are present hut where 
water is absent. In such cases, the oil tends to circulate through 
the sandstone but since no water is present it is not forced to 
the upper portion of the sandstone zone. It permeates the 
"■hole sandstone stratum from top to base or perhaps is pres- 
ent in larger amount near the base. It does not however, as 
before, tend to accumulate near the axes of anticlines but rather 
in the synclinal troughs. Such conditions are extremely rare. 

It is of very common occurrence in most oil districts that 
Ihcrc are several strata of oil bearing sandstone alternating 
fith impervious layers of shale. Kach sandstone zone may be 
ronsidered as an oil reservoir independent of all the other sand- 
'tone zones. It would be possible to tap an upper zone and 
extract all the petroleum within it and not in the least disturb 
Ihat in the zones beneath. After such a sequence of strata 
bave been formed and folded into anticlines and syncHnes, they 
»re ordinarily subjected to erosion. Such erosion may be suf- 
^cicntly vigorous to remove a portion of the overlying shale 
(tratum and allow a small part of the oil bearing sandstone 
wne to become exposed to the atmosphere. When this occurs 
Iho more volatile constituents of the petroleum will tend to evap- 
irato and ultimately leave behind a viscous or solid mass of black 
isphaltuni or light colored paraffin. Such occurrences are to 
)e found on the island of Trinidad in the West Indies and in 
the Lake Athabaska region of Alberta. It is to be inferred 
rom the occurrence of an asphaltum outcrop upon the surface 
hat at least one oil bearing stratum has by natural processes 
wen destroyed as a petroleum producer, but it does not indicate 
littt there are no more petroleum bearing zones below. In most 
'egions where oil deposits are known to occur and where the asso- 
-iutcd strata have been folded into anticlines and synclines by 
"inor or major stresses, breaks or cracks have been developed, 
rhese are geologically known as faults. Thej' may extend from 
he surface downward for considerable distances. Occasionally 
iuch faults may branch and some of the branches may tap oil 
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bearing sandstones. When such a condition occurs the lighter 
constituents of the petroleum may in small amounts travel along 
these cracks toward the surface. Seepages of oil may reach 
the surface immediately above its source, or some distance awa^'. 
It may reach the surface at the axis of an anticline or some- 
where along the axis of a syncline or in between. As a result 
it is apparent that if an underground accumulation of petro- 
leum be present it is not necessarily directly below or in the 
near vicinity of a surface seepage. 

POSSIBLE OCCURRENCES OF PETROLEUM IN WESTERN 

WASHINGTON. 

There are conditions in certain geologic formations within 
this state which absolutely prohibit the occurrence of petroleum 
deposits. In certain other formations petroleum might occur 
and in still others there is definite proof that it is present, but 
whether in commercial quantities or not, has not been demon- 
strated. The conditions which would allow of its occurrence are, 
first, the presence or former presence of some material from 
which it could be derived ; second, the presence of some sedi- 
mentary strata which could act as a retaining reservoir; third, 
the presence of some impervious capping such as a shale or 
clay stratum to prevent its escape to the surface; fourth, an 
arching of the strata either into domes or anticlines to allow of 
its segregation. The presence of metamorphic rocks or ig- 
neous rocks are highly unfavorable to the occurrence of petro- 
leum within them. In formations, however, that have been met- 
amorphosed there might be local areas which have escaped or 
are only semi-metamorphosed. In such formations, if all other 
conditions are present, petroleum deposits might occur. In the 
examination of the geology in any particular district it is nec- 
essary to determine in how far the above conditions apply, and 
upon such a basis to decide whether the possibilities for the oc- 
currence of petroleum deposits are favorable or unfavorable. 

It often happens that on the surfaces of ponds or marsh 
areas an irridescent scum appears which is commonly mistaken 
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for an indication of oil. Occasional])' marsh gas may also es- 
cape from such areas and convince an observer that oil deposits 
occur below. In regions where iron oxide forms a part of the 
cementing material of sediments or is a residual from rock decay, 
it may also collect as a scum around the opening of a spring 
or on a stagnant pool of water. A chemical examination of 
>uch deposits would show that they have no relation to the oc- 
currence of petroleum. 

CASCADE MOUNTAINS. 
Tlie Cascade Mountains are composed for the larger part 
of igneous and metamorphic rocks. A few scattered areas of 
Eocene and Miocene lacustrine sediments occur in several places, 
but no large quantities of organic animal remains have been 
found within them which could give rise to petroleum. In the 
northern Cascades there are extensive areas of granite and other 
deep seated rocks. In the southern portion of the ("ascades the 
old granite and metamorphic surface passes down to or below 
sea level and is covered with an extensive series of lavas and 
tuffs. The Cascade Mountains as a whole may be eliminated as 
a possible source for petroleum. 

PUGET SOUND BASIN. 

(il-.VriAl, DEI'OSITa. 

The larger portion of the Pugct Sound Basin exclusive of 
that occupied with marine waters i.s more or less heavily ve- 
neered with deposits of glacial drift. Those vary extensively 
in composition from place to place. They are composed of 
stratified and non-stratjfied gravels, sands and clays which in 
most cases have been transported for considerable distances by 
glaciers. During the advance of the ice sheet into the Pugct 
Sound Region extensive scouring and erosion of the pre-glacial 
rocks was accomplished. During the retreat of the ice sheet, 
lakes were developed and into these sediments were being de- 
posited by the adjacent streams. These bodies of water were 
usually non-marine and forms of animal life living therein were 
not numerous. Outside of the areas actually involved in these 
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glacial lakes, glacial material was being deposited by retreating 
valley glaciers and the streams issuing from them. Such de- 
posits are practically barren of animal life. Because of the 
character of* deposition of all deposits formed, due directly or 
indirectly to glaciation, there existed no animal life which 
could possibly have acted as a source for petroleum deposits 
of commercial value. As a rule the deposits are soft and inco- 
herent and the individual strata do not persist in character for 
any great distance. Even if small quantities of petroleum had 
been formed there would have been no means of preventing its 
escape. It is true there are present in many places very low 
grade lignite seams which might yield small amounts of gas, 
but a gas considerably different from that associated with pe- 
troleum. The glacial drift of western Washington may be re- 
garded very unfavorable as the source or container for pe- 
troleum deposits. 

PIIE-GLACIAL FORMATIONS. 

Beneath the glacial drift and in places extending up through 
it are sandstones, shales and lavas of Tertiary age. Their sub- 
glacial distribution is represented on the geologic maps accom- 
panying this report. During the Eocene the entire Puget 
Sound region extending easterly into the Cascades was the 
site of extensive estuaries bordering on the marine waters of 
the ocean. In these bodies of water sediments consisting of 
sands, muds and clays were accumulating. Shorelines were 
shifting from time to time, allowing sediments of marine origin 
to become interbedded with those of purely estuarine origin. 
Sediments of the later type predominate throughout the Eo- 
cene. A careful examination of these strata fails to reveal the 
presence of any great quantities of fossil animal life. On the 
contrary there arc extensive deposits of fossil plant life as 
attested to in the numerous coal seams occurring at intervals 
throughout the Eocene series. In the Puget Sound region, 
during the Eocene, conditions were not favorable for the de- 
velopment of marine animal life in sufficient quantities to act 
as a source for petroleum deposits. 
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Throughout the Eoccno volcanic activity was more or less 
prevalent. Intcrbcddctl with the scilimonts are extensive flows 
of andcsitcN and basalts and accumulations of volcanic ash. 
These extrusive flows came to the surface throujfh fis.surcs 
rather than through great central volcanic cones. Sonic of 
the flows were apparently submarine. 

After the close of Eocene time the sedimentary strata to- 
gether with the volcanic material were uplifted and folded 
and then subjected to vigorous erosion. In King and Pierce 
counties post glacial erosion has cut down deeply into the old 
Eocene rocks, exposing over 10,000 feet of strata. Inter- 
bcdded with the sandstones and shales are numerous coal seams. 
The whole series of strata have been thrown into sharply 
folded anticlines and synclines having a general north and 
south trend. The axes of these anticlines have been deeply dis- 
sected and if any petroleum deposits had been formed they 
would long ago have been destroyed. There is no evidence to 
warrant the supposition that oil has ever been present or is 
present today in the King and Pierce coal fields. Such gas as 
may be present may be directly associatwl with lignite de- 
posits and cannot be connected with oil. 

In Kitsap County, Eocene basalts outciop in the hills west 
of Bremerton and south of Chico. Occasional layers of sand- 
stone are interbeddcd but of no great extent. The igneous 
rocks could not possibly have been a source of petroleum and 
the sandstones which are intcrbedded are liot of sufficient ex- 
tent to act as a reservoir. 

Oligocene strata of marine origin underlie the glacial drift 
of the northern portion of Pugct Sound. They possess a 
thickness of nearly 10,000 feet and have been folded into anti- 
clines and synclines. The southern limit of these outcrops is 
along a line extending from Seattle westerly to Bremerton 
and thence to Hood Canal. In places these strata contain 
fossil molluscan remains but not in large quantities. A care- 
ful search was made for diatoinaceous deposits but none were 
detected. From such fossil life as formerly existed, petroleum 



270 Btdletin No, IS, Washington Geological Survey 

in small amounts might have been formed. . However, there 
are no direct indications of its having been present. 

After the close of the Lower Miocene when folding took 
place, one prominent anticline was developed extending along 
the Newcastle Hills to Seattle and thence westerly to the Bald 
hills of Kitsap County. Along the north flank of this fold, 
numerous minor folds have been developed, all of which pitch 
to the north. To the north of this anticline, a syncline pre- 
sumably extends parallel to it. Its northwestern continuation 
may be seen in Jefferson County south of Port Townsend. To 
the north of the syncline a second parallel anticlinal axis may 
exist but because of the great overburden of glacial drift it 
becomes impossible to definitely prove it. Along the Newcastle 
anticline, long continued erosion has cut down deeply so as to ex- 
pose the core composed of Eocene basalts. From Seattle westerly 
across Kitsap County, the entire series of Miocene strata in- 
volved in the north limb of this anticline are standing nearly 
vortical, or with a steep pitch to the north. The truncated 
edges of the strata are exposed. Throughout this entire area 
any oil deposits which may formerly have existed must long 
ago have escaped. No impervious covering remains as a cap- 
ping. The glacial drift which lies above in most localities is 
not sufficiently impervious to prevent its escape, and further 
these same strata were exposed as above described prior to 
glaciation. A similar condition appears to obtain farther 
north near Cathcart station and Snohomish. Southern Kitsap 
County and western Pierce County are so heavily covered with, 
glacial drift that the geology of the older formations cannot 
be definitely determined. The character of the strata and the 
geologic structure which they now assume are such as to pro- 
hibit the accumulation and retention of petroleum deposits in 
commercial quantities in the Eocene and OHgocene formations 
of the Pugct Sound Basin. There may be older formations of 
prc-Tertiary age lying beneath the Eocene which may be oil 
bearing or have been capable of producing oil at one time. 
Concerning such there is absolutely no evidence available. Any 
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petroleum which may be present in the Eocene rocks has un- 
doubtedly to a large extent seeped into them from sucli a source. 

XOHTH SLOPE OF THE OLYMPIC MOUNTAINS 
Froni t'Hpc Flattery eastward to Port Crescent and from 
the Strait of Juan de Fuca southward for a distance of ap- 
proximately ten miles the floor upon which the deposits of 
glacial drift rest is composed of lower Miocene marine sedi- 
iments. Beneath those arc Eocene basalts, sandstones and shales 
which are exposed at Port Crescent but which are deeply buried 
below sea-level throughout the remainder of the area. 

Deposits of glacial drift vary in thickness and mantle over 
almost the entire area of the district. Along the coast line 
and in the canyons of some of the streams the older rocks are 
exposed. The conditions under which the drift was deposited 
were approximately the same as in the Puget Sound Basin, 
and the possibilities for the occurrence of petroleum in the drift 
are extremely unfavorable. 

The surface distribution of the Eocene Is represented upon 
Plates II and IV. Exposures arc well developed along the 
coast in the vicinity of Port Crescent. To the west the Eocene 
strata pass beneath Oligocene strata. Basalts and andesite 
constitute the major portion of the Eocene, although narrow 
bands of sandstone and shale are interbeddod. Resting uncon- 
formably up>on the Eocene are Oligocene and Lower Miocene 
marine sediments which in the Cape Flattery section attain a 
maximum thickness of nearly 19,000 feet. These strata in 
places contain numerous marine fossils. Alternating sandstone 
and shale hands are present. The whole series of Eocene and 
Miocene formations have been folded into iintich'nes and syn- 
clines and their approximate position has been indicated upon 
Plate rV. A synclinal axis extends from near Gettysburg 
southeasterly to Lake Sutherland. The entire series of strata 
including those of both Eocene and Oligocene age lying east 
of the position of the synclinal axis just mentioned are pre- 
sumably dipping to the southwest and constitute one limb of 
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the syncline. The strata on the western side of the syncline 
are dipping to the northeast. From the prevaih'ng north- 
westerly dip of the strata w^est from Gettysburg there is direct 
evidence that they have been folded backwards, thereby devel- 
oping an anticlinal fold. The exact position of this axis cannot 
be absolutely determined but its approximate position is fairly 
certain and has been indicated upon Map A, Plate IV, as ex- 
tending from a point on the coast line a short distance west of 
Gettysburg southwesterly to the western end of Lake CVescent. 
From Twin westerly to Clallam Bay the Oligocene shales and 
sandstones have been thrown into numerous parallel folds whose 
axes have a prevailing trend of nearly north and south. The 
points where these axes intersect the coast line have been def- 
initely determined, but their landward extension is only ap- 
proximate. From Clallam Bay westerly to Cape Flattery the 
strata have a prevailing northeasterly dip and constitute a 
great monoclinal fold pitching away from the long spur ex- 
tending from the Olympic Mountains west to the Point of the 
Arches. 

East from Freshwater Bay the lower Miocene strata have 
been folded into a synclinal trough whose axis extends from the 
vicinity of Port Angeles southeasterly toward Quilcene. It may 
possibly be a continuation of the syncline existing north of Se- 
attle. An anticlinal axis trends North 70° West from Port 
Ludlow to Port Discovery Bay but the overlying Oligocene 
sandstones and shales have been completely removed by erosion 
exposing the core of Eocene basalts and tuffs. 

The following deductions may be made concerning the possi- 
bilities for the occurrence of petroleum along the north side of 
the Olympic peninsula : 

1st — The formations involved consist of Eocene basalts, tuffs 
and sediments, together with an enormous thickness of Oligocene 
marine fossiliferous strata. The soft organic remains of life 
which formerly existed in the marine strata could upon slow 
distillation have produced petroleum products. The more por- 
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oils sandstones which tirt' present could have nctcd as reservoirs 
and the shale belts as impervious cappinji^N. 

2nd — The entire series of strata Imve been folded and if any 
petroleum deposits were formed they would tend to collect be- 
neath the axes of the anticlines and those areas involved in the 
synclincs would be barren. An Inspection of Map A, Plate IV, 
will indicate the approximate position of the anticlines and syn- 

3rd — No direct indications; of petroleum seepages have been 
seen by the writer in any portion of the area involved. 

4th— The final conclusions may be drawn that on the north 
side of the Olympic peninsula geologic conditions are not such 
as to absolutely forbid the occurrence of petroleum deposits, al- 
though there are no direct indications to suggest their presence. 
If such deposits are present they will exist beneath the areas in- 
dicated upon the accompanying maps as anticlinal axes, where 
developed within the lower Miocene rocks. Those areas involved 
in synclinal folds should be considered as barren of possible 
petroleum deposits. 

SOUTHWESTERN WASHINGTON. 
OENEKAI. STATEMKNT. 

The more detailed description of the geologic and structural 
conditions obtaining in Southwestern Washington have already 
been presented in earlier chapters. The formations involved are 
of Tertiary age and are commonly covered with a very thick 
soil residuum or with Pleistocene deposits of gravel and sand. 
The entire Tertiary series is composed of interbeddcd sedimen- 
tarics approximately 15,000 feet in thickness. Whether pe- 
troleum is present in these formations or not has not as yet been 
demonstrated. In the volcanic rocks of the Eocene it cannot be 
expected to occur. If present at all in southwestern Wash- 
ington it should be associated with the marine sedimentary 
phase of the Tertiary. For purposes of discussing the geologic 
and structural conditions in their relation to the possible occur- 
rence of petroleum deposits in the southwestern portion of the 
state, it seems best to consider each county as a unit by itself. 
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PACIFIC AND WAHKIAKUM COUNTIES. 

The Eocene of these two counties is composed largely of ba- 
salts and basaltic tuffs, which constitute the backbone of the di- 
vide between the drainage leading into Columbia River and that 
into Willapa and Chehalis rivers. It forms a U-shaped area 
extending from the eastern part of Willapa Harbor southeast- 
erly to the northern part of Wahkiakum and Cowlitz counties. 
From that point it turns due north. The character of the rock 
is unfavorable for petroleum deposits to originate within it or 
if originating without to accumulate within it. There may be 
strata below which are oil bearing but there is no evidence sug- 
gesting their occurrence. If such strata were present there 
would be no means of determining where the underlying reser- 
voirs were situated. Those areas indicated upon the map of 
southwestern Washington in Pacific and Wahkiakum counties 
as Eocene may be regarded as unfavorable for the occurrence 
of petroleum deposits. (Plate III.) 

The Oligocene formation in these counties is confined to two 
basins. The northernmost of these occupies the basin of Willapa 
River and the southern area extends east and west along the 
north side of Columbia River. The strata consist of sandstones 
and shales of marine origin and carry fossils. They have been 
folded into anticlines and synclines as previously described in 
chapters three and four and as designated upon the geologic 
map on Plate III. The only indications of petroleum which the 
writer has seen within these formations are some shales which 
give off a very decided odor of oil. They outcrop in isolated ex- 
posures in the hills between Bear River and the town of Ilwaco, 
in Sections 18 and 19, Township 10 North, Range 10 West. 
The shales are of a brownish gray color and when heated over 
a fire burn with a blue flame. An examination of the region in- 
dicates considerable faulting. Several basaltic lava flows are 
interbedded with the sedimentaries and also occur in the form of 
dikes. The region involved is worthy of a more careful detailed 
geologic examination and if in the future petroleum deposits are 
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found to occur in commercial amounts tlicy will undoubtedly be 
found to have originated in tbe Oligoccnc shales. 

Whether the strata in other portions of these counties con- 
tain oil deposits is unknown. The strata are of such a char- 
acter and have been folded into antidines and synclines so that 
oil, if present, could accumulate. The total evidence from 
geologic data obtained is only sufficient to warrant the state- 
ment that petroleum may be present although no direct evi- 
dence to that effect is available. 

GRAYS BAKBOlt COIKTY. 

In the northwestern part of the county, in the Queniult 
Indian reservation, the Hoh formation is present and within 
that formation farther north oil in small quantities is definitely 
known to occur. A discussion of that portion of the county will 
be deferre<l until later. In the southern and eastern parts of 
the county, lower and Upper Miocene rocks prevail. They con- 
sist of shales and sanilstones all of which are of marine origin 
and fossil bearing. Those strata have been folded and the posi- 
tion of the anticlines have been approximately inserted upon 
the geologic map. {Plate III.) No direct indications of pe- 
troleum have been seen within this area. Eocene basalts occur 
in the extreme eastern part of the county and are Incapable of 
containing commercial oil deposits. The Miocene strata may 
pos.sibly contain petroleum deposits. There is not now sufficient 
evidence to warrant tbe supposition that oil is present. 

COWLITZ AND LEWIS COV-S'TIES. 

The formations involved in the western part of these coun- 
ties are of Eocene age and are composed of marine and brack- 
ish water sediments together with interhedded basalts and ba- 
saltic tuffs. Tbe two latter are incapable of giving rise to or 
forming reservoirs for petroleum in commercial quantities. The 
brackish water strata contain no organic animal remains which 
would be capable of producing oil, although it might travel from 
some other source and collect in the coar.se grained sandstones. 
The marine fossiliferous sandstones and shales could have pro- 



276 Bulletin No. 13^ Washington Geological Survey 

duced oil deposits but there is no evidence to prove that they have 
done so. The strata have been folded and the structure is such 
that oil, if present, might collect beneath the axes of the anti- 
clines. Throughout this entire region basalts, marine and brack- 
ish water sediments are interbedded and if oil had ever formed in 
the marine sediments it might have collected either in the marine 
or in the brackish water strata. A large part of the western 
portions of these counties is covered with gravels and sands so 
that the older rocks do not appear at the surface. It is possi- 
ble that if the strata were entirely exposed there might be 
seepages where faulting or fracturing had occurred. All that 
can be said concerning the possibilities for the occurrence of 
petroleum deposits in western Cowlitz and Lewis counties is 
that it could have originated in certain marine sandstones and 
could have accumulated beneath the axes of the anticlines, but 
no indications are available to suggest that such has been the 
case. 

THURSTON COUNTY. 

A large part of this county is covered with glacial drift and 
outwash gravels in front and south of the terminal moraine. 
The underlying bed rock where exposed consists of sandstones 
and lavas of Eocene age. On the areal geologic map accom- 
panying this report those areas which are definitely known to 
be underlain with Eocene deposits are mapped as such. The 
areas mapped as glacial drift do not represent the entire area 
in which drift is present but rather those areas where it is so 
extensive that the character of the underlying rocks cannot be 
determined. In the Black Hills, in the western part of the 
county, basalts prevail and there can be no possibility for the 
occurrence of petroleum deposits within them. The outwash 
gravel plains in the central and southern part of the county are 
almost barren of trees and are covered with numerous small 
mounds which owe their origin absolutely to glacial causes. 
These are not gas mounds and have no relation to petroleum. 

The sandstones where exposed are chiefly of brackish water 
origin and in places contain coal seams. The former organic 
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life which existed in them was plant and not animal and hence 
could not hare furnished fats which are the chief constituents 
of oils. The marine sediments, however, where present contain 
upper Eocene fossils and could have acted as a source for pe- 
troleum deposits. Where these are iiitcrbedded with the brack- 
ish water sediments, if oil were ever present it could have 
seeped into the latter. Interbedded with both brackish water 
and marine strata are basaltic lavas and tuffs. They appar- 
ently were laid down while the sanstoncs and shales were ac- 
cumulating and hence would have hut little effect upon any oil 
strata that might have been present. The whole series of Eo- 
cene strata have been folded and the positions of the anti- 
clines and synclines have been plotted upon the geologic map 
(Plate III). There is absolutely no possible means of predict- 
ing whether oil deposits are present or not in this field. If they 
are present they will be found to have accumulated beneath the 
axes of anticlines and will occur in the more porous sandstones 
of the Eocene. The Miocene formations are not present as far 
as available evidence shows. 

WESTERN SLOPE OF THE OLYMPIC PENINSULA. 

The region from Grays Harbor northward to Cape Flat- 
tery is topographically an elevated plain bounded on the west 
by the Pacific Ocean and on the east by the Olympic Mountains. 
TIh- surface of this plain ranges in elevation from one to five 
hundred feet above sea-level, hut gradually increases easterly 
towards the Olympics, To the north it is terminated by the 
long axial spur extending out to Cape Flattery. The original 
surface has been deeply dissected by numerous rivers and creeks 
flowing across it and emptying into the ocean. The more im- 
portant of these arc the Queniult, Raft, Queets, Hoh, BogachicI 
and Soled uck rivers. 

The formations involved in this region are tlie Hoh, Monte- 
sano and Pleistocene gravels. The approximate distribution 
of these outcrops is represented upon the areal geologic map 
(Map A, Plate IV). The entire region is more or less deeply 
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covered with Pleistocene sands, gravels, and clays, which rest 
unconformably upon all the older formations. During the 
Pliocene and prior to the deposition of the Pleistocene fluviatile 
deposits, the entire costal plain had been deeply dissected and 
depressed. Large rivers meandered over the surface and as 
time progressed large quantities of gravels and sands were 
dropped by these streams. These deposits he nearly hori- 
zontal and range in thickness from a few feet to over 500 feet. 
Later the country was uplifted and the present streams have 
since cut down into those Pleistocene deposits and in places even 
into the older Hoh and Miocene formations. These older strata 
are generally exposed along the banks of the rivers and alonf^ 
the ocean cliffs. 

The Hoh is the most extensively developed of the pre- 
Pleistocene formations on the western side of the Olympic 
Mountains. It possesses a thickness of at least ten thousand 
feet and is composed of massive and banded shales, conglomer- 
ates and extensive belts of shaly micaceous sandstones. The 
latter grade into a distinctly gray sandstone of medium grain 
which contains angular fragments of slate and of chert, and 
nearly always considerable amounts of micaceous shales. It 
is from this phase of the formation that the odor as well as 
seepages of petroleum are found. In places interbedded with 
this are soft brown to gray shales. 

The Hoh formation has been folded into major and minor 
anticlines and synclincs and the approximate position of these 
has been platted upon Map A, Plate IV. Insufficient work has 
been done to determine all the folds involved, but along the 
coast where exposures are generally well defined the structure 
has been worked out in detail. 

Two prominent anticlines are believed to exist, trending 
north and south. One of these apparently lies in the floor of 
the ocean several miles off shore. The minor anticlines and 
synclincs recorded along the shore may be folds developed in 
the east limb of this major anticline. It is believed that a sec- 
ond approximately parallel major anticline extends south from 
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Forks in southwestern Clallam C'ounty, into Jefferson County. 
Such an anticlinal fold is definitely known to extend at least as 
far south as the north boundary of Jefferson County into Sec- 
tion 3, Township 27 North, Range 13 West. Its southward 
extension has not been traced. It is within this formation that 
petroleum indications on the west coast of the Olympic Penin- 
sula are directly associated. 

The upper Miocene strata are developed in the basin of 
Quillayute River in Clallam County and have already been de- 
scribed. No petroleum indications have been observed in the 
formation in this area. 

In the region around the mouth of Qucniult River, the strata 
of the upper Miocene or Montesano formation outcrop. They 
are exposed from a point about one mile north of Cape Eliza- 
beth south to Point Grenvillc and for a distance inland of about 
six miles. Beyond, to the oast, they presumably exist hut are 
deeply buried beneath a very thick covering of Pleistocene 
gravels, sands and clays of fluviatile origin. Quenlult River, 
except near its mouth, has not cut down through the Pleisto- 
cene to the Miocene rocks. 

The region between the south boundary of the Queniult 
Indian reservation and Grays Harbor is covered with Pleisto- 
cene deposits but the Montesano series is believed to form the 
bed rock basement upon which they rest. In fact, where the 
Humptulips and Wishkah rivers cut down to bed rock the upper 
Miocene strata are exposed. With the exception of certain 
localities at Cape Elizabeth no petroleum indications arc known 
to occur in the formation in this region. 

The Pleistocene deposits are devoid of petroleum. At var- 
ious places gas is reported to arise from swamps lying in these 
deposits. Upon examination such gas is found to be chiefly 
methane, derived from decaying vegetable remains in buried 
swamps. Occasionally iron oxide appears as a coating on the 
small pools upon the surface of these gravels and sands. It 
forms an iridescent coating on water very close in appearance 
to that of oil. 
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The areal distribution of the Hoh formation is indicated 
upon Map A, Plate IV. Seepages of oil have been found in a 
few places. Gas has been found in a number of places. Many 
localities abound where the odor of petroleum can be detected 
sometimes at some distance from the outcrop; at other times 
only when the rock is freshly broken. 

SOURCE OF THE PETROLEUM. 

No fossil molluscan remains have been found within the Holi 
formation. Locally small pockets of carbonaceous shale occur. 
A microscopic examination of the shales and shaly sandstones 
shows the presence of large numbers of diatoms. These are not 
present in sufficient numbers to fonn a cherty diatomaceous 
shale, yet in some specimens of shale they are closely packed. 
Samples collected from the Hoh Head shales revealed the pres- 
ence of large numbers of these forms of life. In the well at 
Forks, shale brought up from a depth of 1800 feet, shows the 
presence of numerous foraminifera. Chemical examinations 
made of living marine diatoms show the soft organic parts to 
be composed of organic compounds of a position closely related 
to that of petroleum. 

In the western Olympic region there appears to be no source 
except from diatomaceous or foraminiferal remains from whicli 
such petroleum deposits as occur could have been derived. The 
scattered areas of Miocene strata are too limited to have been 
the source. In other regions in the state where the Miocene 
deposits are more extensively developed no indications of pe- 
troleum arc known. The rock formation underlying the Hoh 
formation is unknown. All the older formations in the north- 
west have been extensively metamorphosed and the probabilities 
are that such rocks as underlie the Hoh are in that condition. 
If so, they could hardly supply the organic material. The fact 
that considerable quantities of diatoms and foraminifera are 
present in certain portions of the Hoh formation and that it 
has been demonstrated in other regions that petroleum com- 
pounds may have been derived from such sources and further 
that no other sources in this region are present, indicates that 
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the potroloum products in the Hoh formation Arc probably de- 
rived from these organisms. The Hoh fonnation is the only 
one in the state from which definite evidences of petroleum are 
known. 

There are massive brown sandstones in the formation which 
could act as retaining reservoirs provided some impervious cnp- 
pinj; were present. Such reservoirs would be expected to form 
beneath the axes of the anticlines. Whether such deposits oc- 
cur in commercial quantities or not can only be determine<l by 
drilling on the axes of the anticlines in this formation. 




Bearing in mind the fact that very .small amounts of petrol- 
eum are known to occur in the Hoh fonnation and further that its 
occurrence in commercial quantities has not been proven, it is 
possible that petroleum might occur anywhere within the forma- 
tion provided structural conditions are favorable. In order to 
fully discuss these conditions, the western portion of the Olympic 
Peninsula has been separated into di.stricts for description, as 
follows: Southwestern Clallam County, Ozette Lake Region, 
Western Jefferson County, and the Queninlt Indian Reservation. 

SOLTilWKSTERN CU*LI.,\M fOVNTV. 

The area involved in this district embraces Township 28 
North, Ranges H, 13 and part of 12 West. It extends from 
the ocean on the west to the Olympic Mountains on the east. It 
is drained by the Soleduek, Calawah and Bogachiel Rivers. The 
average elevation is 500 feet above sea level, with an increase 
from west to east. 

With the exception of a small area near the forks of the 
Soleduck and Bogachiel rivers which is upper Miocene, the en- 
tire arcal geology consists of outcrops of the Holi formation. 
Outcrops of this formation appear at intervals along the cbffs 
of the Bogachiel and Calawah rivers and also in the more highly 
elevated divide between those rivers in the eastern part of the 
region under discussion. (Plate XI.) The strike and dip of 
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the strata at these points have been phitted upon this map. 
All observations taken in the eastern half of Township 28 
North, Range 13 West, show a pronounced easterly dip ranging 
from 35° to 88°. In the western half of this same township 
and range the strata are dipping to the west from 50 to 60 de- 
grees and continue to do so towards a synclinal basin in the 
eastern half of Township 28 North, Range 14 West. A well 
defined anticline crosses Bogachiel River near the boundary be- 
tween Sections 33 and 34, Township 28 North, Range 13 West. 
From observations taken to the east and west it apparently ex- 
tends northerly through Sections 28, 21 and 16 of the same 
township and range to the town of Forks. To the south it 
passes into Jefferson County in Section 3, Township 27 North, 
Range 13 West. This fold for purposes of reference will be 
designated as the Forks anticline. 

A well defined syncline trends nearly north and south through 
Sections 12, 23, 26, and 35, Township 28 North, Range 14 
West. In the western half of this township the Montesano 
formation rests nearly horizontal upon the steeply dipping 
truncated edges of the Hoh strata. 

Indications of gas and the odor of petroleum occur at in- 
tervals along Bogachiel and Calawah rivers. The odor of pe- 
troleum is particulaly noticeable in the shaly sandstones in the 
northeast V4 of Section 23, Township 28 North, Range 14 
West. In Sections 20 and 34 on Bogachiel River and Section 
3 on Calawah River, Township 28 North, range 13 West, the 
rock has a decided odor of petroleum when freshly broken and 
may be noticed for some distance away as one approaclies 
these localities. In Section 27, Township 28 North, Range 14 
West on Bogachiel River the sandy shales have weathered into 
a bluish gray mud. A very noticeable odor of natural gas can 
be detected. Several small holes made with a pick handle al- 
low the gas to escape with a sizzling sound. When lighted it 
will burn in each case for about one minute with a blue flame. A 
well is being bored by the Washington Oil Company of Seattle in 
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Section 16, Township 28 North, Range 13 West, south of the 
town of Forks on Forks Prairie. 

QIENIT'LT RIVER DISTRICT. 

The area involved in this district extends from Grays Harbor 
northward to Queets River and includes the Queniult Indian 
Reservation. The entire region is an uplifted plateau-like bench 
with an undulating surface and ranging in elevation from 100 
to 400 feet. Along the ocean shore line the cliffs extend from 

sea level to two hundred feet in elevation. The formations arc ^ 

almost exclusively of sedimentary origin. The only exception 

i 

is a small patch of basic lava with intercalated sediments at 
Point Grenville whose age cannot be definitely determined except 
that it is pre-Miocene. The larger part of the region is cov- 
ered with horizontally bedded Pleistocene gravels and sands. 
Along the sea coast and in those places where the rivers have 
cut down through the gravels the older formations are exposed. 

The Hoh formation undoubtedly underlies the younger 
fonnations of this entire region but it is exposed at the sur- 
face only near the mouth of Queniult River. It outcrops in the 
cliffs along the ocean in the northwest I/4 of Section 27 and the 
southwest I/4 of Section 22, Township 22 North, Range 13 
West. The exposures extend along the cliff for a distance of 
about 1500 feet. To the south and possibly also to the north, 
they are terminated by a fault. The entire exposure is in- 
volved in a slide and badly crushed. It is largely composed of 
brown chocolate colored shales with narrow intercalated layers 
of sandstone which assume a general strike of North 45^ West 
and a dip of 35° to the northeast. 

In the southeast ^^ of Section 6, Townsliip 21 North, Range 
12 West on the south side of the big bend in Queniult River 
there is an outcrop of shale involved in a big slide which has 
been largely converted over into a bluish gray mud. The sliale 
is of a chocolate brown color and closelv resembles that occur- 

ring to the northwest along the ocean bluffs. It has been so -^ 

badly crushed that no strike nor dip could be obtained. Its » 

eastern limits are determined bv a well defined fault. The sur- * 



I 
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face between these two localities is heavily covered with gravel 
and sand, and it cannot be definitely stated that the Hoh shales 
occupy the intervening area as has been indicated upon the 
map. The fact that these faults are of considerable size and 
approximately in line indicates that the Hoh shales probably 
extend through as a fault block. These are the only surface 
exposures of the Hoh formation within the area examined and 
they undoubtedly underlie unconformably the entire area. 

Upper Miocene conglomerates and sandstones constitute 
the formations exposed along the ocean cliffs from Queniult 
River northward to a point one and one-half miles above Cape 
Elizabeth. They form the Cape Elizabeth fault block which 
in itself does not seem to be badly broken. A detailed strati- 
graphic section has been measured and has been inserted in 
chapter five. The strata as here exposed strike northeast and 
southwest and dip at a low angle to the southeast. In the east 
central portion of Section 84, Township 22 North, Range 13 
West, they are slightly folded into a monocline. The axis ex- 
tends inland in a northeasterly direction. 

In the northwest 1/4 of Section 35, Township 22 North, 
Range 13 West, a gas mound is situated approximately upon 
the axis of this monoline. It is located a few hundred feet west 
of the horse trail on the top of the plateau. It has a diameter 
of about 200 feet and a height of 50 feet, and seems to have 
been built upon the surface of the low plain. It has existed 
for some time as large trees are growing upon it. At the sum- 
mit there is a large crater about four feet in diameter, filled 
with water and surrounded with mud which is continually is- 
suing forth. Large bubbles of gas almost continuously escape, 
which when lighted burn with a blue flame. About 100 feet 
north, on the side of the same mound, there is a smaller gas 
spring. This mound is located 200 feet above the level of the 
river and could not reasonably arise from swamp or decayed 
vegetation which has been buried on the river flat. The gas is 
probably derived from some depth in the bed rock. 
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The Hoh formation undoubtmlly exists at a considerable 
distance below the surface. To the north in Jefferson county» 
gas is very commonly associated with the latter. It is qnite 
probable that the gas issuing from the mound owes its origin to 
that source; that it has seeped upward into the Miocene sand- 
stones and shaly sandstones and has accumulated in pockets 
along the axis of the monocline and at the point where the 
mound has been built up, escapes to the surface. If that he 
the case, and it seems most probable, it would be impossible to 
determine at what depth pockets might occur, or how large 
they might be. The character of the upper Jliocene sandstones 
would allow pockets to form at various depths. 

If the gas is of the same origin as that in the Hoh forma- 
tion farther north, it is possible that oil is associated with the 
Hoh strata below, but whether in commercial quantities or not 
there is no possible means of predicting. 

QTKETa RIVEtt DISTRICT. 

Topographically this district as in the case of Qiicniult 
district farther south is an uplifted plain which has been cut 
into by Queets River. The entire region i.s heavily timbered 
and the surface covered with dense thickets of underbrush. In 
places it is swampy. The tide extends up Queets River for 
about one and one-half miles. Three formations arc repre- 
sented within this district. The older is the Hoh and it is im- 
portant because farther to the north it is the formation with 
which indications of petroleum are associated. In places above 
this arc shales and sandstones of Miocene age. Resting un- 
conformably upon both the Hoh and Miocene formations are 
extensive deposits of gravels, sand.s and clays of Pleistocene 
age. The latter were deposited by rivers which formerly me- 
andered across this region when it was at a much lower eleva- 
tion than at present. After uplift the present streams en- 
deavored to cut their channels down through it. In many places 
they have succeeded as may be seen in the hanks of Queets 
River and in places on Salmon Creek. The general character 
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of these formations has already been described in chapters two, 
five and six. 

All of the actual p re-Pleistocene rock exposures along Queets 
River and Salmon Creek belong to the Hoh formation. No seep- 
ages of petroleum were seen and no odor detected at any point. 
However, the formation as exposed here is a continuation of 
that outcropping along Hoh River, where indications of pe- 
troleum are present. Miocene strata are exposed along the 
coast near the mouth of Raft River. The older Hoh formation 
was folded and eroded prior to the deposition of the Miocene 
strata. 

The data from which it has been possible to determine the 
principal structural features of this region have been inserted 
upon Map A, Plate IV. In certain localities the structure is 
well defined; in other localities it has been generalized from the 
better known structural conditions some distance away. In 
those localities which are covered with Pleistocene deposits it is 
impossible to say absolutely just what the bed rock structure 
is beneath. Strikes and dips have been recorded at every possi- 
ble place along Queets River and on Salmon Creek. Along the 
Queets the prevailing structure shows a general north to south 
strike and an easterly dip. In places this strike swings westerly 
and easterly. All of the outcrops of the bedrock formation on 
the Queets are of the Hoh formation and it is certain that 
these strata underlie the entire central and southern part of the 
area involved in the district. 

On Salmon River, in Sections 35 and 36, Township 24 
North, Range 12 West, there is a high rocky ridge which has 
been cut into by stream action. The river flows through two 
gorges, one on the northwest and one on the southeast side of 
the big bend in the river. On the northwest side the prevailing 
strike is North 60^ East with a dip of 50^ to the northwest. 
On the southeast bend in the second gorge, the strike is North 
30"" West with a dip of 25° to the southeast. For a distance 
of two miles farther up the river this southeasterly dip prevails. 
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There is direct cvidonpc hcrt thut an ftiiticliiic trends nortlicjist 
An<l southwest. 

To the north on Queets River, iibove the junction with 
Salmon River, the strata are dipping to the northeast and to 
the east, giving direct evidence of a synclinal axis trending 
northeast and soutliwest. Its probahle position has been indi- 
cated upon the map. Both the anticlinal and synclinal axes, in 
their southwesterly continuation, pass beneath a thick covering 
of Pleistocene gravels, sands and clays. It is probable, how- 
ever, that they tend to merge, and in the area involved in Sec- 
tions 1, 2, 3, 10, 11, 12, 13 and 14, Township 23 North, Range 
13 West, possess a comparatively flat attitude with a low dip 
to the east. 

A minor anticlinal axis exists just south of the mouth of 
Queets River. It trends about North +0° Kast. The evidence 
for this anticline has been obtained from strikes and dips taken 
around the cliffs in the big bend in the river. It is undoubtedly 
a minor warp or dome, or spur, on the eastern limb of n large 
north and south anticline whose main axis lies parallel to the 
coast line and probably not far from the shore. The eastern 
limb of this minor anticline has a comparatively low dip to the 
southeast. The strata are composed chiefly of interbedded 
sandstones and -shales. The axis lies on the low flat ground in 
the bend in the river and probably extends out toward the shore. 

Concerning the possibilities for the occurrence of petroleum 
deposits within this district the following statement is made: 
The Hoh formation which contains small seepages northward 
in Clallam and Jefferson counties is the bed rock formation in 
this region. No actual seepages, however, have been seen within 
the strata along Queets River. The strata have been folded 
into anticlines and synclincs as have already been described. 
Altogether they have a thickness of at least 5,000 feet. There 
is no possible means of determining whether petroleum deposits 
occur in commercial quantities or not except by drilling in 
those localities along the axes of the anticlines. If it should 
be present there is no means of determining how deep it would 



288 Bulletin No. 13, Washington Geological Survey 



be necessary to drill to reach it. Such deposits as might occur 
would probably be derived from the shales of the Hoh forma- 
tion. 

HOH RIVER DISTRICT. 

The region involved embraces nearly all of western Jefferson 
County. The major portion of the area is thickly covered with 
Pleistocene sands and gravels. The bedrock exposures are well 
developed along the coast line and at intervals along the banks 
of Hoh River. The detailed examination of the region has 
been confined to the coast about Hoh Head and the lower part 
of Hoh River. The more important structural features may be 
seen by referring to Map A, Plate IV, and also to Plate XII. 
The interior region has not been examined in sufficient detail to 
warrant a statement concerning structural conditions. 

Near the mouth of Hoh River several smaller creeks have 
carved out low valleys extending to the river. The highest ele- 
vations are less than three hundred feet. The region is heavily 
timbered and is bordered on the ocean in most places with bold 
cliffs. There is a broad cove in Section 12 just south of Hoh 
Head. The land area just back from shore is composed of slide 
rock in a badly decomposed condition. Hoh Head is a bold 
rocky point jutting out into the ocean. Between the two points 
of this head there is a narrow cove. The rock formations in 
back of this cove are composed of sandy shale and shale all of 
which are involved in a slide. 

There are two formations outcropping in this region. The 
older is designated as the Hoh and the later as Pleistocene 
gravels, sands and clays. The Hoh formation is composed of 
sandstone, shale and conglomerate. The total thickness of this 
formation, as represented on the western side of the Olympic 
peninsula, is over 10,000 feet. Within the area of this district 
only a part of this formation outcrops at the surface. Sand- 
stones and shales occur in equal amounts. The sandstones are 
massive, generally coarse grained, brown, and only occasionally 
are shale bands or bedding planes present so as to determine 
the strike and dip. In places they gradually grade into con- 
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glonieratos. The shales are generally gray to chocolate colored. 
They often grade into sandy shales and these in tun> into shaly 
sandstones. The shaly sandstones very often become massive 
and when freshly broken are seen to be composed of angular 
fragments of slate and quartzitc. They possess a gritty ap- 
pearance but are sometimes banded. The bands are made up 
of scales of mica and fragments of dark heavier minerals. Sand- 
stone of this character seems to be interbeddcd with the shales 
and sandy shales in all localities where the Hoh formation out- 
crops. The sandy shales and shaly sandstones weather much 
more rapidly than the belts of massive sandstone and arc com- 
monly involved in slides. Ultimately this material passes into 
a bluish gray mud. It generally possesses a distinct odor of 
petroleum and in several places yields seepages of it. A care- 
ful examination of specimens of the shale reveal the presence 
of microscopic diatoms. 

Within the area of this district there is one very well de- 
fined anticline trending northeasterly and passing through the 
southeast I/4 of Section 12. The north limb of this anticline 
is well represented in the south point of Hoh Head by massive 
sandstones striking North 30° East and dipping 80" north- 
west. One half mile to the southeast, at Rocky Point, massive 
sandstone forms the southeastern limb of the anticline. Be- 
tween these two points the formation is composed of shale, 
sandy shale and shaly sandstone, badly involved in a slide. 
These shales have a very pronounced odor of oil. The massive 
sandstone at Hoh Head originally arched over this anticline 
and connected with the sandstone and conglomerate on the south 
side. This has since been removed by erosion. The axis of this 
anticline passes out Into the cove as indicated upon the map. 
Near its trend inland several pits hiivo been sunk. One of these 
is eighteen feet deep. From its walls oil is slowly seeping into 
it. All the strata in the near vicinity give a pronounced odor of 
petroleum. 

A second small antichne enters the north side of Hoh Head 
from the northwest and trends South 60° East. It seems to die 
—10 
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out before crossing Hoh Head. A third anticline possibly 
crosses the mouth of Hoh River into the northeast 14 of Sec- 
tion 19 but because of lack of good exposures its exact extent 
cannot be determined. Its probable position has been indi- 
cated upon the accompanying map. A synclinc extends from 
the center of Section 13 northeasterly but its extent cannot be 
determined. Another syncline enters the north point of Hoh 
Head from the ocean. It trends South 75° East and dies out 
before crossing the peninsula. A minor syncline is developed in 
the cove between the south and north points of Hoh Head. It 
is possible that this may swing and pass north into the cove on 
the north side where the trail comes down to the beach. 

Examinations of this district show that petroleum and gas 
are present in very small quantities but whether they exist in 
connnercial amounts or not has not been demonstrated. If thev 
are they should be sought for beneath the anticlinal axes. 

griLI^WUTE RIVER DISTRICT. 

The area involved in this region comprises the valley of 
Quillayute, Bogachiel and Soleduck rivers. It embraces parts 
of southwestern Clallam and northwestern Jefferson counties. 
Topographically the district is similar to that to the north in 
the vicinity of Ozette Lake and to the south towards Grays 
Harbor. With the exception of a small area near the junction 
of Bogachiel and Soleduck rivers, which is upper Miocene all 
of the preglacial formations belong to the Hoh. The general 
character of the sandstones and shales have alreadv been de- 
scribed in chapter two. The structural data may be referred 
to on Plate XI. The interpretation of this data when platted in- 
dicates the presence of two anticlines and one syncline in which 
the strata of the Hoh formation are involved. The axes of these 
folds have a general north-south to northwest-southeast trend. 
Their approximate position may be referred to upon Plate XI. 
The axis of the western anticline trends northwesterly parallel 
to the coast from Hoh River and then swings to the north and 
passes inland in Section 1, Township 27 North, Range 15 West. 
The eastern anticline trends southerly in Township 28 North, 
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OZETTE LAKE DISTRICT. 

The area involved in this district occupies Townships 29 
and 30 North, Ranges 14 and 15 West. It embraces a belt 
about twelve miles in width and fifteen in length bordering the 
coast. It extends from Quillayute River northward to the axial 
spur extending from the Olympic Mountains outward toward 
Cape Flattcr3^ The region is densely covered with timber. 
The surface formations are largely composed of glacial deposits 
or a very thick veneer of soil. Along the coast the sandstones 
and shales of the Hoh formation are exposed. Inland they ap- 
pear at only a very few localities in the cHflPs or along the river 
channels. The later Miocene strata which outcrop both to the 
south and to the north are absent in this district. The Hoh for- 
mation has been folded and the position of the anticlinal and syn- 
clinal axes have been inserted upon Map A, Plate IV. The char- 
acter of the strata has been described in chapter six. 

Wherever the gray shaly sandstones outcrop along the 
coast from the mouth of Quillayute river north to the Point of 
Arches there is usually a well defined odor of petroleum. In 
places a white scum issues through cracks and possesses an 
odor of oil. There is no means of predicting whether oil is 
present in commercial quantities or not. If present it will pre- 
sumably occur beneath the anticlinal axes and will be absent 
along the synclinal troughs. Along the coast line the positions 
of the anticlinal axes are fairly accurate but inland insuflScient 
data has been obtained to determine the structure. The forma- 
tion involved, however, is the Hoh with which petroleum indi- 
cations elsewhere are associated. 

CONCLUSIONS. 

There seems to be suflScient evidence to warrant considering 
all of the Cascade Mountains as an extremely unfavorable 
region for the occurrence of petroleum deposits. In the western 
part of the state all areas where the formation is composed of 
basaltic lavas or of metamorphic rocks the same condition pre- 
vails. On the north slope of the Olympic Mountains, and in 
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Quillayute River and one-half mile inland from the shore. The 
formation in this region is composed of Hoh shales and sand- 
stones. 

FORKS PRAIIME WP^LI.. 

This well is located in the southeast quarter of Section 9, 
Township 28 North, Range 13 West, about one mile south of 
Forks Post Office and two miles north of Bogachiel River in 
Clallam County. Drilling began in the autumn of 1912 and in 
December, 1914, the well had reached a depth of 2,050 feet. 
Gas and small amounts of oil were encountered at several depths. 
The strata as exposed in the outcrops in this region are a part 
of the Hoh formation. The well is being sunk upon the axis 
of an anticline trending nearly nortli and south. In a number 
of localities in the near vicinitv of the well the strata yield a 

*■' » 

decided odor of oil and emit small quantities of gas. Gas and 
small amounts of oil were said to have been encountered at sev- 
eral depths as the well was being sunk. The machinery consists 
of a standard rig operated by steam power. Boring was started 
with a 16-inch casing and continued to a depth of 100 feet. 
The following statement is the record of casing used in this 
well : 

100 fppt 16-Inch. 

:]00 foet 12% -inch. 

10«2 feet 10-Inch. 

l.'>.">0 fppt S-Inch. 

IDSO foet 6 14 -Inch. 



noil HEAD WELL. 

This well is situated in Section 12, Township 26 North, 
Range 14 West, about two miles north of tlie mouth of Hoh 
River in western Jefferson Countv.. The formation in this 
vicinity consists of shales and sandstones of the Hoh formation 
which have been folded into anticlines and svnclines. The Hoh 
Head well is being drilled on the axis of a northwest to south- 
east anticline immediately south of Hoh Head. Drilling was be- 
gun in September, 1913, and continued to a depth of 901 feet. 
The following log has been furnished by the Jefferson Oil Com- 
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similar to that encountered in well Number 1. The following is 
a list of the casing used : 

44 feet 18-Inch. 

78 feet 15 V^ -Inch. 

331 fee- 12^-iTich. 

376 feet 10-Inch. 

766 feet 8-Inch. 

986 feet 6-Inch. 

This property has been operated by the JeflPerson Oil Com- 
pany of Aberdeen. 

QETTNIULT WELL. 

Immediately north of the mouth of Queniult River and south 
of Cape Elizabeth in Section 35, Township 22 North, Range 13 
West a well was drilled by the Indian Oil Company. The forma- 
tion involved in this region is the Montesano or upper Miocene. 
Just south of Cape Elizabeth a minor flexure in the form of a 
monoclinal fold extends northeast and southwest. On the sur- 
face of the bench at an elevation of about 250 feet a mound has 
been built up and at the apex of the mound there is a small 
crater filled with water from which gas is continuously bubbling 
forth. Within a few feet of the apex a well has been sunk to 
a depth of over 500 feet. In October, 1914, a new well was 
started near by and was sunk to a depth of 458 feet. The well 
was started with 10-inch casing. The machinery consists of 
a rotary rig operated by steam power. 

WILLAPA WELI^ 

This well was drilled by the Willapa Harbor Oil Company 
near the town of Raymond, Pacific County. The formations en- 
countered consist of shales and sandstones of Oligocene age. 
Drilling was begun on August ^9th, 1914, and on October 17th 
of the same year a depth of 1,445 feet had been reached. The 
following log has been reported by the company : 

Fvct 

Clay soil r> 

Clay and KandKton(> 84 

Dark shah^ ioor» 

Sand with Indications of oil (» 

Shale . : ,'144 

Sand with shells TiO 

Total thickness 1445 
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Drilling was started with ten-inch casing and continued with 
suci) to a depth of 350 feet. From the 350-foot level 8Vi;-inch 
casing waR used to u depth of 1,154 feet. Below that depth 
6'4-inch casing was employed. 



This property is owned by the Kitsiip Oil and Development 
Company of Bremerton, Washington, and is located in Section 
5, Township S-t North, Range 1 East, near Chico, in Kitsap 
County, Drilling whs begun in December, 1913, and in De- 
cemhcr, 1914, a depth of 1,408 feet had been reached. A stand- 
ard rig with hydraulic circulator was used and operated by 
steam power. Use was made of the following sized casings: 
lSll.-inch for the first 170 feet; 10-inch for the next 450 feet; 
8-inch for the following 875 feet and 6-inch for the remainder. 

This well was drilled on the north flank of the Newcastle 
anticline. Tlie surface formations are composed of glacial drift. 
Bdow the drift ftrc steeply tilted sandstones and shales of the 
middle Oligocene forniation. No log is available for use in this 
report. 

BAI.I,AU1) WKI-L. 

This well is located in Ballard in the northwestern part of 
Seattle. The surface formations arc composed of very thick 
deposits of glacial drift which are presumably underlain with 
shales and sandstones of Oligocene age. In December, IQI-t, 
the well had been drilled to a depth of 1,700 feet. The well was 
started with 15-inch easing and later reduced to 19-inch, 10- 
inch, 8-inch and finally 6^/i-inch casing. A standard rig was 
installed and operated with oil for fuel. 

I'ACIFIC KTATKS WK1,I„ 

This property is located in Section 15, Township 15 North, 
Range 3 West, in Thurston County. Drilling was started in 
April, 19U, by the Pacific States Oil Company, and in De- 
cember, 191-t, a depth of 750 feet had been attained. Opera- 
tions began with a Number 27 Star rig, but later a standard 
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rig was installed. The well was started with 12-ineh casing and 
at the present level a ten-inch was employed. 

OILFIELD WB:LL. 

This property is owned by the Home Oil Company of Seattle 
and is located in King County in Section 12, Township 34 
North, Range 5 East. Drilling was begun in November, 1914, 
and in January of the following year a depth of 316 feet was 
reported. The well was started with 12-inch casing and a Key- 
stone rig. The geologic formation in this region is the estuarine 
phase of the Tejon Eocene but the surface deposits are com- 
posed of glacial drift. The Eocene sandstones and shales are 
a part of the south limb of the Newcastle anticline. 



APPENDIX. 

FAUNAL LOCALITIES IN WESTERN WASHINGTON.* 

One and one-half mllcB east of Vader, Lewis County, on the west 
bank of Cowlitz River In massive sandy shales of marine origin, situated 
in Section 27, Township U North. Range 2 West. Tejon series, ujijier 
Eocene. Old locality 3003, 

2 

On Olequa Creek about one mile above the Junction of Olequa and 
Stillwater creeks, back of the old Cantwell place. In Section 29, Town- 
ship 1 1 North. Range 2 West, Tejon series, upper Eocene. Old locality 
31)02. 

3 

On a small creek about one third mile from Its Junction with Itrlnn 
Creek, under an old bridge. In Section 35, Township 11 North, Range 3 
West. Tejon series, upper BJocene. Old locality 3001. 

In Lewis County at a ledge Just above the Junction of Olequa and 
Stillwater creeks at Vader In Section 32, Township 11 North. Range 2 
West, Upper Eocene. Old locality 3004. 

6 
In Lewis County one mile west of Junction of Stillwater and Olequa 
creeks on the former in Section 30. Township 11 North, Range 2 West. 
I'pper Eocene, Old locality 3005, 

On Coal Creek, Cowlitz County, one and one-half miles north from 
Iiimao Poison Logging Company's store. 

In Coal Creek. Cowlitz County, one mile north from Inman Poison 
Logging Company's store, in brackish water shales. In Section 35, Town- 
ship 9 North, Range 3 West. Old locality 3007. 

In Northern Pacific Railway cut one hundred feet east of Seattle 
Brewing & Malting Company's brewery at Georgetown, South Seattle. 
in Section 20, Township 24 North. Rangf 4 East. Oligocene. Old lo- 
cality 300S. 

10 

About one thousand feet south of Alkl Point, West Seattle. In Ollgo- 
cene shales outcropping at the water's edge In Section 15, Township 24 
North, Range 3 East, Old locality 3009. 
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11 
At northeast corner of rock outlier at Duwamish station in Section 
10, Township 23 North, Range 4 East. Tejon series, upper Eocene. 
Marine sandstone. Old locality 3010. 

12 
In Northern Pacific Railway cut one-half mile north of Cathcart 
Station, Snohomish County, in Section 6, Township 27 North, Range 6 
East. Locally known as Fiddlers Bluff. Oligocene. Old locality 3011. 

13 
In marine sandstones on north side of Restoration Point, Kitsap 
County, opposite Seattle, in Section 12, Township 24 North, Range 2 
East. Oligocene. Old locality 3012. 

14 
On the south fork of Ostrander Creek two hundred feet south from 
a point where the logging road crosses, which is 1130 feet from the 
town of Ostrander. In Section 12, Township 8 North, Range 2 West, 
in brackish water upper Eocene shales. 

18 
In Cowlitz County in Coal Creek 6500 feet up creek from Inman 
Poison Logging Company's store. In section 35, Township 9 North. 
Range 3 West. Upper Eocene. Old locality 135. 

20 
In Cowlitz County 13,000 feet up Coal Creek from wagon bridge 
crossing. Upper Eocene. Old locality 136. 

21 
In Cowlitz County 14,000 feet up Coal Creek from wagon bridge 
crossing. Upper Eocene. Old locality 137-B. 

22 
On east side of Ilwaco Point in Section 4, Township 9 North, Range 
11 West, in shales which are interbedded with basalts. At traverse 
station 32. 

23 
In bluff on north side of Columbia River one-half mile east of the 
town of Ilwaco in Section 34, Township 10 North, Range 9 West. Prob- 
ably Oligocene. 

24 
At Knappton, Pacific County, on north side of Columbia River in 
bluff back of cook house of Knappton Lumber Mill in Section 8, Town- 
ship 9 North, Range 9 West. Oligocene. Old locality 139. 

25 
In Pacific County in bank of Nasel River two and one-half miles 
east of the town of Nasel in Section 11, Township. 10 North, Range 9 
West. Oligocene. Old locality 140. 
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27 
la PaclBc CouDty 700 feet up Alder Creek from Its Junction with 
the east fork of Nsael River In Section 15, Township 11 North, Range 
S West, In a fine dark colored tuffaceoue Bhale tnterbedded with tutts 
and basalts. Ollgocene. Old locality 151. 

In Pacific County 12,000 feet up Hull Creek from the hotel at town 
of Grays River In Section 6, Township 10 North. Range 7 West. Ollgo- 
cene. Old locality 154. 

29 

In Pacific County 15,000 feet up Hull Creek from the hotel at towu 
of Grays River In Section 6, Township 10 North. Range 7 West. Ollgo- 
cene. Old locality 155. 

30 

Sea cllll between Point Grenvllle and Tabolab In Section 13, Town- 
ship 21 North, Range 13 West. Upper Miocene. 

31 
In raJIway cut, O.-W. R. R. & N. Co., one-half mile west of Lincoln 
Creek Station, Lewis County, In Section 36. Township 1-^ North. Range 
3 West. Ollgocene. Old locality 181. 



Six thousand Feet east of Helslng Junction on the O.-W. R. R. & N. 
Co. in Thurston County. Eocene. Old locality 182. 

34 
In Pacific County on Grays River two miles beyond Its Junction with 
Blaney Creek in Section 19. Township 11 North. Range 6 West. In a 
dark tuRaceous shale. Ollgocene. Old locality 158. 

35 
In Pacific County on Nemah River at wagon bridge crossing, four 
miles east of Nemah poet office In Section 33, Township 12 North, 
Range 8 West Shales interbedded with basalt. Old locality 1S7. 

36 
Exposure at old wagon road trestle along Willapa River at the town 
of Willapa, In Section 22, Township 14 North, Range 7 West. Ollgo- 
cene. Old locality 170. 

37 
In Pacific County at Northern Pacific Railway bridge below Lebam 
Station in Section 6, Township 12 North, Range 7 West Ollgocene. 
Old locality 175. 



302 Appendix 

3S 
At bridge over Chehalis River northwest of Pe Ell station at power 
station In Section 34, Township 13 North, Range 5 West. Old locality 
176. 

39 
One mile northwest of Pe Ell station in Lewis County on west side 
of Chehalis River, in Section 33, Township 13 North, Range 5 West 
Old locality 177 A. 

40 
In Northern Pacific Railway cut 67 miles north of Portland. 

41 
In bank of small creek below Booth's house near junction with 
Stillwater Creek, in Section 25, Township 11 North, Range 3 West. 

42 
In railway cut O.-W. R. R. & N. Co. two thousand feet east of the 
Oakville wagon bridge over Chehalis River, in Section 1, Township 15 
North, Range 5 West. Upper Eocene. Old locality 184. 

43 
In the bluff of Lankner Creek, Grays Harbor County, 16,000 feet 
up from the O.-W. R. R. & N. Co. crossing in Section 25, Township 17 
North, Range 6 West. Oligocene. Old locality 185. 

44 
In the bluff of Lankner Creek, Grays Harbor County. 18.000 feet 
up from the O.-W. R. R. & N. Co. crossing in Section 25, Township 17 
North, Range 6 West. Oligocene. Old locality 187. 

45 
In the bluff of Lankner Creek, Grays Harbor County, 25,000 feet 
up from the O.-W. R. R. & N. Co. crossing in Section 33, Township 17 
North, Range 6 West. 

46 
In Grays Harbor County in O.-W. R. R. & N. Co. cut at culvert 38 
east, 24,000 feet west from South Elma, in Section 7, Township 17 
North, Range 6 West. Upper Miocene. Old locality 263. 

47 
Chicago, Milwaukee & St. Paul Railway cut 1,000 feet south from 
O.-W. R. R. & N. Co.'s track in Section 29, Township 17 North, Range 
8 West. Lower Miocene. 

49 
In Section 25, Township 16 North, Range 8 West, on North River, 
Grays Harbor County. Lower Miocene. 

50 
In the banks of Wynoochee River, Grays Harbor County, 35,000 
feet north of Otter Postoffice and 12,000 feet south of Reinkens' farm 
in Section 22, Township 19 North, Range 8 West. Upper Miocene. 
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Five hundred feet north of locality SO on Wynoochee River, Grays 
Harbor County. 

52 
In bluff on Wishkah River, northwestern part of Aberdeen, at a 
point where road to Grand Forks first reaches river after leaving 
Aberdeen in Section 9. Township 17 North. Range 9 West. I'lmer 
Miocene. Old locality 711. 

53 
Wahkiakum County In west bank of Alockaman River In Section 
35, Township 10 North, Range 5 West. Lower Miocene. Old locality 
number 210. Area montereyana abundant in nodules. 
54 
Pour hundred feet south of locality number 53 In west bank of 
Alockaman River. Fossils abundant Lower Miocene. Old locality 211. 
56 
In bank of creek In NW14 of section 6, Township 9 North, Range 5 
U'est. in Wahkiakum County. Ollgocene. Old locality 213. 

In bluff on branch of Wilson Creek in Section 36. Township 10 
North. Range 6 West, Wahkiakum County. Ollgocene. Old locality 214. 
58 
Nasel River. On Pentter's ranch, one mile west of point where 
wagon road crosses to south side. Oligocene. 
59 
On Fossil Creek near log dam In east part of Section 10 and west 
part of Section 11. Township 10 North. Range 6 West. In Wahkiakum 
County. Oligocene. Old locality 29. 
60 
Rlull on Chehatis River along O.-W. R. R. & N. Co. track at mile- 
post 37. about four miles west of South Elma, In Section 11, Township 
17 North. Range 7 West. Upper Miocene. Old locality 50. 
61 
Vance logging road at old mllepost In coarse grained sandstone in 
Section 28. Township IS North, Range 6 West. Upper Miocene. Old 
locality 51. 

63 
East branch of Clements togging road south of Montesano In 
Grays Harbor County In the Northwest quarter of Section 28, Town- 
ship 17 North, Range 7 West. Lower Miocene. Old locality 54. 
64 
East branch of Clements logging road one-half mile east of where 
county wagon road crosses. In Section 27. Township 17 North, Range 7 
West. Lower Miocene. Old locality 55. 
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65 
On east branch of Clements logging road one-half mile east of 
where county wagon road crosses in Section 29, Township 17 North, 
Range 7 West. Lower Miocene. Old locality 56. 

66 
On east branch of Clements logging road, one mile west of county 
wagon road intersection in Section 29, Township 17 North, Range 7 
West. I^wer Miocene. Old locality 57. 

67 
Bluff on Chehalis Logging Company road one mile west of Monte- 
sano in Section 6, Township 17 North, Range 7 West. Lower Miocene. 
Old locality 58. 

6S 
Logging railway cut on Sylvia Creek in a conglomerate of upper 
Miocene age, In Section 32, Township 18 North, Range 7 West. Old 
locality 59. 

69 
Along logging railway In cut on Sylvia Creek, one-half mile north 
of locality 68 In conglomerates. Upper Miocene. 

70 
Five hundred feet north of Junction of north branch of east fork of 
Wilson Creek In Wahkiakum County on former, In Section 36, Town- 
ship 10 North, Range 6 West. 

71 
Two miles up middle fork of Skamokawa River from junction with 
main river In Wahkiakum County, Section 32, Township 10 North, 
Range 6 West. Ollgocene. Old locality 216. 

72 
Wahkiakum County, on McDonald Creek, two miles above its junc- 
tion with the middle fork of Wilson Creek, In Section 28, Township 10 
North, Range 6 West. Ollgocene. Old locality 217. 

73 
Station 31 on Nasel River traverse line, Pacific County, Section 6. 
Township 10 North, Range 8 West. Ollgocene. Old locality 223. 

74 
Station 34. Nasel River traverse line. Pacific County, in Section 6, 
Township 10 North, Range 8 West. Ollgocene. Old locality 224 a. 

75 
Station 73, Nasel River traverse line. Pacific County, in Section 25, 
Township 11 North, Range 9 W'est. Ollgocene. Old locality 229. 

76 
Station 16, Nasel River traverse line, Pacific County, in Section 6, 
Township 10 North, Range 8 West. Ollgocene. Old locality 231. 
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StatloQ 22. Naeel River traverse line, Paclflc County, iu Section 6. 
Township 10 North, Range 8 West Lower Miocene. Old locality 233. 

80 
1600 teet above first railroad bridge on Willapa River lielow Hol- 
comb in Section 25, Township 13 North, Range 8 West. In Oligocene 
Bhales. Old locality 241. 

81 
One-haif mile up Oreen Creek from Wlliapa River in Pacific 
County in Section 26, Township 13 North. Range g West. Oligocene. 
Old locality 241. 

S2 
1200 teet above highway bridge near mouth of Green Creek. Old 
locality 242. 

S3 
7050 teet up Green Creeli from Willapa River, Pacific County. 
Oligocene. Old locality 243. 

84 
7750 feet up Green Creek from Wlliapa River, Pacific County. 
Oligocene. Old locality 244, 

85 
8250 feet up Green Creek from Wlliapa River, Pacific County. In 
Oligocene shales. Old locality 245. 

86 
S880 feet up Green Creek from Willapa River, Pacific County, In 
Oligocene shatea. Old locality 246. 

87 
11.350 feet up Green Creek from Wlliapa River, Pacific County, In 
Oligocene shales. Old locality 247. 

90 
in bluff north side Chehalls River 2240 feet west of Porter station 
along Northern Pacific Railway track. Oligocene. Grays Harbor 
County fn Section 21. Township 17 North, Range 5 West. Old locality 
260. 

92 
On North River branch of Chicago, Milwaukee & St. Paul Railway 
grade 3000 feet north of point where wagon road goes up Vesta Creek, 
near Chamber's farm. Grays Harbor County, Section 25. Township 16 
N'orth, Range 8 West. Lower Miocene. Old locality 265. 

22,000 feet up Wynoochee River from Otter Post Office, in SW14 
of Section 5. Township 18 North, Range 8 West. Upiier Miocene. Old 
locality 270. 
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94 
Bluff back of Lincoln School in Hoquiam, Grays Harbor County. 
Poorly preserved specimens of ScuteUa gabbi. Upper Miocene. 

96 
28,000 feet up Falls Creek from Brooklyn in Pacific County, in Sec- 
tion 10, Township 15 North, Range 6 West. Old locality 281. 

97 
In Section 34, Township 15 North, Range 7 West, in a small creek 
entering North River just north of Grays Harbor-Pacific County line. 
Lower Miocene. Old locality 282. 

98 
Bluff on Willapa River, between Holcomb and the railroad bridge 
west of town in Section 36, Township 13 North, Range 8 West. Oligo- 
cene. Old locality 283. 

99 
On Wishkah River wagon road one mile north of Aberdeen in Sec- 
tion 4, Township 17 North, Range 9 West. Upper Miocene. Old lo- 
cality 191. 

100 
On wagon road cut up Wishkah River road one and one-half miles 
below Wishkah Post Office in Section 11, Township 18 North, Range 9 
West. Old locality 192. 

101 
One mile beyond Wishkah Post office in bank of river in Section 
35, Township 19 North, Range 9 West. Upper Miocene. Old locality 
193. 

102 
Station 837 Neah Bay-Cape Flattery traverse. About one-half mile 
west of Kaitlab Point in the cliffs. Oligocene. 

103 
At station 996, Neah Bay-Cape Flattery traverse. About one mile 
west of Kaitlab Point in the sea cliffs. Lower Miocene. 

105 
About 200 feet east of Slip Point light house, west of Clallam Bay 
on coast line. Lower Miocene. Old locality 92. 

109 to 109 
At base of cliff. Slip Point, east of Clallam Bay on coast. Lower 
Miocene. Old locality 92A. 

Ill 
Mouth of Maxfield Creek in southwest quarter of northwest quarter 
of Section 28, Township 28 North. Range 14 West. Old locality 94. 

112 
Southeast quarter of northwest quarter of Section 16, Township 28 
North, Range 14 West. Old locality 95. 



Appendix 



Twenty feet east oF line of Lot 1. Section 27, Township 2S North, 
RaDge \i West. 

114 

Northeast quarter of northwest quarter of Section 27, Township 28 
North. Range 14 West. Old locality 96. 

In brown sandstone on Soleduck River bluff about center of Sec- 
tion 20. Township 28 North, Range 14 West. Old locality 97. 

Siatlon 161. Wtshkah River traverse. In bank of river In Section 
36. Township 20 North, Range 8 West. Grays Harbor County. Ujiper 
-Miocene. Old locality 2032, 

118 

Middle fork of Wlsbkah River 300 feet south of locality 117 In 
bank of river. Upiier Miocene. Old locality 2033. 

119 
Middle fork of Wishkah River 1200 feet south of locality 117 In 
bank of river. Upper Miocene. Old locality 2033A. 

120 
Middle fork of Wishkah River 100 feet south of locality 117 in bank 
of river. Upper Miocene. Old locality 2034. 

121 
Middle branch of Wishkah River In east central jiart of Section 31, 
Township 20 North, Range 8 West. Upper Miocene. Old locality 203n. 

122 
Middle branch of Wishkah River, 800 feet west of locality 121, V\i- 
per Miocene, Old locality 2036. 

123 
Middle branch of Wishkah River In south central iiart of Section 
36, Township 20 North. Range 9 West. Upper Miocene. Old locality 
2037. 

124 
Middle branch ot Wishkah River 1000 feet southwest of locality 
123. Upper Miocene. Old locality 2038. 

125 
Middle branch ot Wfshkah River In southwest quarter of Section 
I, Township 19 North. Range 9 West. Upper Miocene. Old locality 2039. 

126 
One and one-half miles north of Hoqulam on road to Copalls in a 
cut on west side of road. In Section 34, Township 18 North. Range 10 
West. Upper Miocene, Old locality 901. 



308 Appendix 



128 
At survey stake 388 on North River branch of Chicago, Mil- 
waukee & St. Paul Railway in Grays Harbor County in Section 29, 
Township 17 North, Range 8 West. Lower Miocene. Old locality 903. 

129 
In south bank of south fork of Stillaguamish River in Section 11, 
Township 30 North, Range 6 East, Snohomish County. Oligocene. 

130 
On west bank of Wilson Creek, Pacific County, one mile west of 
Willapa Post Office, in Section 21, Township 14 North, Range 8 West. 
Oligocene. 

131 
Logging railroad cut one mile west of Montesano, Grays Harbor 
County, in Section 1, Township 17 North, Range 8 West. Lower Mio- 
cene. 

132 
North River branch of Chicago, Milwaukee & St. Paul Railway, 
300 feet south and up hill from culvert 38 of O.-W. R. R. & N. Co. track 
in Section 29, Township 17 North, Range 8 West. Lower Miocene. Old 
locality 1000. 

133 
North River branch of Chicago, Milwaukee & St. Paul Railway, 200 
feet to the southwest from locality 132. 

135 
Railway cut on North River branch of Chicago, Milwaukee & St. 
Paul Railway in the northeast quarter of the northwest quarter of Sec- 
tion 29, Township 17 North, Range 8 West. Lower Miocene. Old lo- 
cality 1008. 

136 
Railroad cut 300 feet west of locality 135. Lower Miocene. Old lo- 
cality 1009. 

137 
Bluff in wagon road along east side of Wynoochee River one mile 
south of Bitter Creek in Section 35, Township 18 North, Range 8 West 
Lower Miocene. 

138 
In bank of Wynoochee River along wagon road 600 feet north of 
station 137. Lower Miocene. 

140 
Cut in south side of "Think of Me" hill in East Aberdeen, Grays 
Harbor County. Upper Miocene. 

141 
Northern Pacific Railway cut 3000 feet east of locality 140, Aber- 
deen. 
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270 feet east of locality HI, Aber- 



Stratum 20 feet strati graphically above that at locality 142 In the 
Northern Pacific Railway cut east of Aberdeen. 
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Survey stake 110 on Chicago. Milwaukee 6 St. Paul Railway at 
Coamopolis, Grays Harbor County, in section 23, Township 17 North, 
Range 9 West. Upper Miocene. 

147 
Railroad cut on Chicago, Milwaukee & St. Paul Railway track 400 
feet east of locality 146. 

148 
Ocean bluff one mile north of Point Grenville In Section 13, Town- 
ship 21 North. Range 13 West. Upper Miocene. 

Log dam number 35 on the west fork of Wiehkah River in Section 
35, Township 20 North, Range 9 West, Upper Miocene. Old locality 
number 100,006. 

152 

:anyon of Weat branch 



North side of Restoration Point. Kitaaji County. Ollgocene. 

155 
Small creek emptying into Coal Creek, King County in Section 23. 
TowDshlp 24 North, Range 5 Bast. Ollgocene. 

156 
Southeast quarter, Section 13, Township 24 North, Range 5 East, 
one mile west of Lake Sanimamish, King County. Ollgocene. 

157 
One mile east of locality 156 In Section 14, Township 24 North. 
Range 5 Bast. Lower Miocene. 

15S 
One-fourth mile north of Woodman's station on shore of Port DIb. 
covery Bay In Section 5. Township 29 North, Range 1 West. Ollgocene. 

169 
Three hundred feet north of locality 15B on east shore of Port Dis- 
covery Bay. 
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160 
Bluff at Porter Station in N. P. Railroad cut in Section 22, Town- 
ship 17 North, Range 4 West. Oligocene. 

161 
In wagon road cut one-half mile east of Porter in Section 27, Tow^n- 
ship 17 North, Range 4 West. Oligocene. 

162 
On western shore, Port Townsend Bay, in Section 36, Township 30 
North, Range 1 West. Oligocene. 

163 
On western shore Port Townsend Bay in Section 36, Township 30 
North, Range 1 West. Oligocene. 

164 
At Restoration Point, Kitsap County. 

165 
Oak Bay on western shore just south of ship canal spit, in Section 
7, Township 29 North, Range 1 East. Oligocene. 

166 
Six hundred feet west of Porter station in Northern Pacific Rail- 
way cut, Section 22, Township 17 North, Range 5 West. Oligocene. 

167 
Wagon road cut on Wilson Creek, Pacific County, in Section 21, 
Township 14 North, Range 8 West. Oligocene. 

168 
Old embankment along Willapa River at trestle in Section 27, 
Township 14 North, Range 8 West, one-talf mile south of Willai)a Post 
Ofllce, Pacific County. Oligocene. 

169 
Oakville quarry, in sandstone overlying basalt, one mile west of 
Oakville, Grays Harbor County, on Northern Pacific track. Section 19, 
Township 16 North, Range 4 West. Oligocene. 

170 
Half Moon Creek, Pacific County, in Section 34. Township 13 North. 
Range 7 West. 

172 
Street cut Columbia City, Seattle, at 50th Avenue South, and one 
and one-half blocks south of Ferdinand Street. Oligocene. 

173 
Street grade Columbia City, Seattle, corner 42nd Street and Juneau 
Street. Oligocene. 

176 
Bank of small stream entering Satsop River from west, in Section 
23. Township 18 North, Range 7 West. Upper Miocene. 
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Bauk or Bmall stream entering Satsop River from west. In Section 
23, Township 18 North, Range 7 West. Upiier Miocene. 

175 
Bank oF small stream entering Satsop River from west, la Section 
23, Township 18 North, Range 7 West. Upper Miocene. 

177 
Ocean cliff aoutb Irom Hoh River In Section 32, Township 26 North, 
Range ]3 West. Probably upper Miocene. Jefferson County. 

178 
Bluff along south shore of Strait of Juan de Fuca In Clallam Coun- 
ty, one and one-bait miles west of Twin Post OfDce, Section 22, Town- 
ship 31 North. Range 10 West, OUgocene. 

179 
1000 feet west of mouth of West Twin River In Section 22, Town- 
ship 31 North, Range 10 West. Ollgocene. 

180 
Oak Bay, Jefferson County. In cliff in north half of Section 18, 
Townslili) 29 North, Range 1 East. OUgocene. 

181 
Cape Elizabeth, Grays Harbor County. Section 34. Township 21 
North, Range 13 West. Upper Miocene. 

182 
Six hundred feet south of Keyhole at Cape Elizabeth. Grays Harbor 
County. Upper Miocene, 

im 

One and one-fourth miles north of Point Grenville, Grays Harbor 
County, Washington, in Section 25, Township 21 North, Range 13 West. 
Upper Miocene. 

187 
Cut along street car track In north end of Columbia City. Seattle, 
OUgocene. 

188 
King coal mine north of iBsaquah, King County, In Section 22, 
Township 24 North, Range ' West. Lower Miocene. 

1S9 
Conglomerate bank along Silvia Creek. Grays Harbor County, In 
Section 32, Township 18 North, Range 7 West Upper Miocene. 

192 
Columbia City, Seattle, from hill six blocks west of City Hall. OU- 
gocene. 
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193 
Bluff north side of mouth of Raft River, Grays Harbor County. Sec- 
tion 21, Township 23 North, Range 13 West. Upper Miocene. 

194 
At culvert 38, in bluff along O.-W. R. R. & N. Co. track, 14 miles 
west of South Montesano, Grays Harbor County. Upper Miocene. 

195 
Section 25, Township 10 North, Range 9 West. Oligocene. Pacific 
County. 

196 
Two miles west of Winlock, Lewis County, in bank of a creek in 
Section 20, Township 12 North, Range 2 West. Oligocene. 

197 
Three-fourths mile north of Point Grenville, Grays Harbor County, 
Washington. Upper Miocene. 

199 
Cut in left hand branch of Clement's logging road three-fourths 
mile west of wagon road intersection in Section 20, Township 17 
North, Range 7 West. 

200 
Cut in Northern Pacific Railway one mile east of railroad bridge 
over Wishkah River at Aberdeen, Grays Harbor County. Upper Mio- 
cene. Old locality number 412. 

201 
One and one-half miles north of Point Grenville in cliffs along 
ocean. 

202 
One and three-fourths miles north of Point Grenville in cliffs along 
ocean. 

203 
Five hundred feet west of railway station at Porter in cut of 
Northern Pacific Railway. Grays Harbor County. Former locality 406. 

204 
Cliff along shore line in northwest quarter, Section 15, Township 
22 North, Range 13 West. Upper Miocene. North of Cape Elizabeth. 

205 
East center portion of Section 9, Township 22 North, Range 13 
West, north of Cape Elizabeth. Upper Miocene. 

206 
Exposure on Germany Creek, Cowlitz County, in Section 12, Town- 
ship 9 North, Range 4 West. Oligocene. 

207 
Cut back of Olympic Foundry, South Seattle, King County, in a 
bluff along east side of Duwamish Valley. Oligocene. North half. 
Section 20, Township 24 North, Range 4 East. 
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231 
Olequa Creek about three-fourths of a mile north of Vader, just 
south of big bend in creek. A small band of fossils. In Section 29. 
Township 11 North, Range 2 West. Marine Eocene. 

232 
West bank and cliff of Cowlitz River, one thousand feet below bend 
and below locality 233, in Section 11 North, Range 2 West. Marine 
Eocene. 

233 
West bank and cliff of Cowlitz River at bend in Section 28, Town- 
ship 11 North, Range 2 West. Fossils in an excellent state of preserva- 
tion. Marine Eocene. 

234 
A narrow band of strata in Olequa Creek about three-fourths of a 
mile north of Vader just south of big bend in creek. About eight feet 
stratigraphically above locality 231. In Section 29, Township 11 North, 
Range 2 West. Marine Eocene. 

235 
West bank of the mill pond of the O'Connell Lumber Company up 
Olequa Creek one-half mile above depot at Winlock in Section 28, 
Township 12 North, Range 2 West. Oligocene. Occurs in residual 
patches. 

236 
Stillwater Creek, Lewis County, 2200 feet above its junction with 
Olequa Creek in Section 30, Township 11 North, Range 2 West. 
Eocene. 

237 
Olequa Creek one-fourth mile above Vader Station in east bank of 
creek just north of point where small creek enters Olequa Creek from 
the east. In Section 29, Township 11 North, Range 2 West. Eocene. 

238 
On Olequa Creek three-fourths of a mile north of Vader Station in 
bend just north of anticlinal axis, about five hundred feet south of lo- 
cality 231. Section 29, Township 11 North, Range 2 West. Eocene. 

239 
Northeast quarter of Section 25, Township 11 North, Range 2 West 
on east side of Cowlitz River three-fourths of a mile above ferry on 
Mr. Greece's farm. Oligocene. 

240 
East bank of Olequa Creek about one-third mile below its junction 
with Stillwater Creek and just below Northern Pacific Railroad bridge. 
In Section 32, Township 11 North, Rango 2 West. Eocene. 
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Bank of Stillwater Creek about one and one-half miles above June- 
:ion with Olequa Creek In Section 30. Township 11 North, Range 2 
iVest. Marine Eocene. 

243 

Between localities 233 and 232 In bank of Cowlitz Rtver In Sec- 
ion 28, Townsliii) 11 North, Range 2 West. Eocene. 
243 

Coal Creek. Cowlitz County, at the main camp of the Inman Poison 
L.ogglng Company on the north bank of the creek Immediately back of 
Lhe Y. M. C. A. shack. There Is a l(i-toot bank composed in large part 
)t massed and broken shells, in Section 27, Township 9 North, Range 
i West. Eocene. 

244 

Bank of Coal Creek. Cowlitz County, about one-halt mile below 
Inman Poison Company's store, Oyatera. Section 11, Township 8 
Vorth, Range 3 West, near center of section. Eocene. 
245 

Bank of Coal Creek, Cowlitz County, about one-fourth mile down 
itream from Inraan Poison Comjiany's store. An oyster bed about 
twelve Inches thick. In northeast corner of Section 11. Townahlp 8 
S'orth, Range 3 West. Eocene. 

246 

East bank of Coal Creek about one-fourth mile below school house 
in a small sandy ledge at foot of cliff. In Section 35, Township 9 
\'orth. Range 3 West, near center of section. Eocene, 
247 

Coal Creek, Cowlitz County, about one and one-halt miles below 
Inman Poison Company's store at the old dam In the extreme south- 
nest quarter of Section 11, Township 8 North. Range 3 West. Eocene. 
248 

Coal Creek, Cowlitz County, about one and one-fourth miles down 
stream below Inman Poison Logging Comiiany's store on the east bank 
in the canyon. In southeast quarter of southeast quarter of Section 10, 
TownsMii 8 North, Range 3 West. 

249 

Coal Creek, Cowlitz County, about one and one-fourth miles down 
stream below Inman Poison Logging Company's store on the west bank 
it the creek In the canyon and opjioslte locality 248, Mostly oysters. 
In Section 10, Township 8 North, Range 3 West, Eocene. 
2S0 

Alockaman River In Wahkiakum County about one-half mile above 
the forks on the east fork. A small ledge at the water's edge at the 
loot of a 30-foot cliff. Near boundary line between Sections 2S and 
i4. Township 10 North, Range 5 West. Lower Miocene. 
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251 
Alockaman River in Wahkiakum County near the center of the 
southeast quarter of Section 26, Township 10 North, Range 5 West, on 
the Clinton Olmstead homestead. Oligocene. 

255 
In railroad cut on the O.-W. R. & N. Co. one-fourth mile north of 
Lincoln Creek Station in Section 26, Township 15 North, Range 3 West. 
Oligocene. 

256 
In railroad cut on O.-W. R. R. & N. Co. one mile north of Lincoln 
Creek Station in Section 27, Township 15 North, Range 3 West. Oligo- 
cene. 

257 
North bank of Columbia River, two hundred feet west of the mouth 
of Sisson Creek in Wahkiakum County in Section 6, Township 9 North. 
Range 8 West. Oligocene. 

258 
One-half mile west of Twin Postoffice, Clallam County, in sea cliff 
in Section 27, Township 31 North, Range 10 West. Oligocene. 

259 
Two miles west of Gettysburg, Clallam County, in sea cliff in 
northwest quarter. Section 29, Township 31 North. Range 9 West. Oli- 
gocene. 

261 
Cliff on north shore of Columbia River about one-half mile east of 
Knappton, Pacific County. Fossils occur in nodules. In Section 9, 
Township 9 North, Range 9 West. Oligocene. 

262 
One and one-eighth miles west of Lincoln Creek Station in bluff 
along O.-W. R. R. & N. Co. in Lewis County. In Section 26, Township 
14 North, Range 3 West. Oligocene. 

263 
Bluffs along bend in Cowlitz River in Section 28, Township 11 
North, Range 2 West. Marine upper Eocene. 

264 
Bluff on south side of Bear River, Pacific County, on line between 
Sections 20 and 21, Township 10 North, Range 10 West. Oligocene. 

265 
Bluff on east side of Shoalwater Bay, Pacific County in Section 29, 
Township 11 North, Range 10 West. Oligocene. 

267 
East shore of Port Discovery Bay in Jefferson County in Section 5, 
Township 29 North, Range 1 West. Oligocene. 
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South shore Strait of Juan de Fuca Id Clallam County, about three 
miles west of Pfller Point, In Section 32, Township 31 North, Range 12 
West. Lower Miocene. 

269 

Shore of Strait ot Juan de Fuca In Clallam County one mile and 
a half west of the coal mine In Section 23, Townshln ^2 North, Range 
12 West. Lower Mloceue. 

270 

Cliff south shore of Strait of Juan de Fuca in Clallam County in 
Section 21, Townshln 32 North, Range 12 West. Lower Miocene. 

271 
Cim south shore ot Strait of Juan de Fuca In Ctallam County In 
Section 22, Township 31 North, Range 9 West, about one thousand 
feet west of locality 258. Lower Miocene. 

272 
Cliff south shore of Strait of Juan de Fuca In Clallam County la 
Section 19, Township 31 North, Range 9 West. About one mile west 
of locality 259. Lower Miocene. 

273 
ClifT south shore of Strait of Juan de Fuca in Clallam County. In 
Section 24. Township il North, Range 10 West, about one-half mile 
east of east fork of Twin River and Just east of rocky bluff. Lower 
Miocene. 

274 
Cliff south shore of Strait of Juan de Fuca In Clallam County In 
Section 21, Township 31 North, Range 10 West. Lower Miocene. 

276 
Old Washington Geological Survey collection of 1902 from Cowlitz 
County, in Section 11. Townshlj) 9 North, Range 2 West. Eocene. 
Former locality 3. 

277 
Old Washington Geological Survey collection ot 1902 from Cowlitz 
County in SecUon 25, Township 9 North, Range 2 West. The Pecten 
locality east ot Castle Rock. Eocene. Former locality 2. 

Old Washington Geological Survey collection of 1902 from Cowllti 
County In Section 13, Township 9 North. Range 2 West. Eocene. For- 
mer locality 4. 

279 

Old Washington Geological Surv 
County on Arkansas Creek, three rai 
Former locality 5. Pectene 
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280 
Old Washington Geological Survey collection of 1902. From Lewis 
County in Chehalis hill one-fourth mile southeast of hotel. Eocene. 
Former locality 6. 

281 
Old Washington Geological Survey collection of 1902 in Lewis 
County on Olequa Creek, one mile up creek from Winlock. Former 
locality 7. 

282 
Old \Vashington Geological Survey collection of 1902 in Cowlitz 
County twelve miles west of Kelso. Eocene. Former locality 8. 

283 
Old Washington Geological Survey collection of 1902 in Cowlitz 
County twelve miles west of Kelso. Eocene. Former locality 9. 

285 
One mile west of Oakville, Grays Harbor County, in Section 19, 
Township 16 North, Range 4 West. Oligocene. 

288 
From falls on Scantogrese Creek near Castle Rock in S. E. quarter. 
Section 18, Township 9 North, Range 2 West. Eocene. 

289 
Near an old coal prospect in Section 31, Township 10 North, Range 
2 West. Eocene. 

290 
Near Pecten locality in Section 24, Township 9 North, Range 2 
West. Eocene. 

291 
Near Winlock, Lewis County, in Section 28, on Olequa Creek in 
bluff near junction of west branch of Olequa Creek west from millpond. 
Oligocene. 

292 
West branch of Olequa Creek one-half mile above junction of main 
creek. Oligocene. 

293 
North end of big slide on N. P. Railway cut one-half mile north of 
Tenino in Thurston County in Section 17, Township 16 North, Range 
1 W^est. Oligocene. 

294 
McClarlty ranch on south bank of Stillwater Creek one mile west 
of Vader in Section 30, Township 11 North, Range 2 West. Eocene. 

295 
One and one-half miles north of Vader in Lewis County in bed of 
Olequa Creek at milepost 73 on Northern Pacific Railway in Section 
20, Township 11 North, Range 2 West. Eocene. 
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Od Booth Rancli two and one-quarter miles up Stillwater Creek 
'rom junction with Olequa Creek In Section 24, Township 11 North, 
llange 3 VVest. Eocene. 

297 
On Olequa Creek one-eighth mile north ot railway station at Vader 
n Section 29, Townahl)) 11 North. Range 2 West. Eocene. 
29g 
Three-tourths mile west of Vader on Stillwater Creek in Section 
!0. Township 11 North. Range 2 West. Eocene. 
299 
Rock bhirr In N. P. Railway cut 2850 feet south of mile post 76 
ind three-fourths mile north of Olequa railway station In Section 4, 
rownshi)) 10 North, Range 2 West. Eocene. 
300 
Banks of Olequa Creek at the old Cantwell place north of Vader 
n Section 20, Township 11 North, Range 2 West. Eocene. 
304 
The west end ot rock island west of Point Glover quarry near en- 
rance to Hrenierton Inlet In Section 8, TownshliJ 24 North, Range 2 
Sast. Ollgocene. 

305 
At Bean Point south end of Baliibridge Island In Section 14, Town- 
ihip 24 North. Range 2 East. Middle Ollgocene. 
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